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 ^ . .smMAKT.
.■: The Orkney Is lan d s  *i’SS. on iso la te d  ru ra l  crmmirn’vtyv were 
assessed  .fo r .th e  drrrrol trnH*? o f  d ig i t a l  p a tte rn -ty p e  mid r id g e - . 
couPt, t o r e t i e r  with the ecmpar a t i y e ’ are as o f Bhetlerd erci part's  
of the  S co ttish  mainland. Sample numbers observed ren ted  from 1389 
in- 'Or--.hey (901: m ale? 90B fem ale), LP3;d r  Shetland (201:. male?
222 fem ale), $37 on S co ttish  raemlend (IiOJ malet 1 30■ female) and 
1 Q5>^ half-O readiarr (those w ith . only; twe; grandparents born in  Orkney) , 
g i v i n g  a.-to tal; sample forfScoH and o f .2?$h' (161t0 males: 1 31 h fem ales). 
Using.' eoihputer a n a ly s is . percentage 'freq u en c ies  were ca lcu la ted ; fo r  
geographical l o c a l i t i e s  thronghont th e  th ree  groups t o  observe the., 
degrees- o f v a r ia tio n  w ithin  and between th e  Scottish'. • population '.
f  Samples from Clirnbris, Northumbria and the  Sonth 111 dlands were, 
compared with the-.’S co ttish  data  to. give general trends of frequencies 
o f p a tte rn  types p e ta l rid g e  count throughout B r ita in , in d ic a tin g  
some reg ional ^ d ifference fend, lo c a l ,  sometimes .si v n if le a n t ,  '. 'v aria tion  • 
Such v a r ia tio n  observed throughout th e  ’..d iffe re n t’ areas a s s is te d  in  
explanation of the Revolutionary processes of " d r i f t ”band ’’s e le c t io n ” . 
■within and . between th e  lo ca l-an d  r.eg icnsl .groups. ,'■ .'•- ' ■ : ' .
■■. P a tte rn .ty p es  observed .for. d i g i t  p reference in d ic a ted  s im ila r  ■ i . 
•distrifcm tions'■ throughout-' the  'S co ttish  • sampl'e.’'P a tte rn  type c o r re la ­
tio n s  irlth  rid ;-e-count showing the  d is tr ib u tio n s  of loops and whorls 
over a 3‘an; e cf ridge-counto  in d ica ted  a su rp ris in g  .bimodal ■ d istri­
bution--of ■ ra d ia l  loops* D etailed  analyses of p a tte rn  form, d ire c tio n  
and ri.dge-c.oimt c o r re la tio n  w ith p a r t ic u la r  reference to  fam ily 
s tu d ie s  P.iGV help to  in d ica te  the  genetic  fa c to rs  in fluenc ing  dermaio- 
glyphic in h e r ita n c e .■
P.T.O. ta s tin g s  various.b lood 'g roups and se c re to r  s ta tu s  
were te s te d  over a .vary ing 'range o f in d iv id u a ls ■tbr* siphon t  the  , 
a r e a s 'v is i te d  in  • Orkney end ''Shetland, 'to g e th e r ; with ce l e r r  v is io n , 
eye colour and n asa l bridge hair* L a te ra l i ty  deminence w as'assessed  
using a wide range of c r i t e r i a  whenever p o s s ib le . . These agnatic 
t r a i t s  were observed in an attem pt to  assess  the possib le  genetic  
iso la tio n  of Orkney end- th e  degree c f  homogeneity w ith ..h is to r ic a lly  
lin k  ed; populations, such-as Shetland, fcendinotds' end areas c f  
Scandinavian co lo n isa tio n  in  .western Europe.
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INTRODUCTION
”Tbe.', ever-increasing- r a p id i ty  o f . -local "migration /and in te r - ; ' V 
: .mixture,, .due to, the".extension o f ra ilw ays . and-'the'1 a l te r e d  '-conditions '-:
/ of .‘so c ie ty , trill-;'in  "the -'next ''generation; alm ost.In ex tricab ly , confuse 
th e  l im its  and proportions' of th e  B r it ish  r a c e s .” This vas w ritte n  
...by Beddce in  1 88£ and. i t .  may a p p e a r th a t  work, on - g en e tic  v a r ia t io n  - 
/ i s  a cem turr +oo la te*  - People, in ''.'d iffe ren t p a r ts  o f the, country ■ .-••. 
bave/-more in te r e s ts  inVccmn^n than ever, befo re . They watch th e  same: . 
■-'television 'programmes-, greed the  sane - newspapers, buy th e 's a n e  n ro - , 
ducts in  d u p lica te  shops and endeavour,-to follow  tbs-same .tren d s., - g 
Yet reg io n a l in te re s ts  and t r a d it io n s  p e r s i s t .  Place-names, surnames 
and d ia le c ts ' o f .many ■ 'd is tric ts ' r e f l e c t  .c u ltu ra l &% *f~r'”ices. I t  i s  
po ssib le  th a t  any g enetic  v a r ia tio n  th a t  accc-^o r  ed the  e s ta b l is h -  '. 
merst of lo c a l c u ltu re  .'also ..p ersis ts . Today, in d iv id u a ls  and fam ilies;-, 
have g rea te r  so c ia l m ob ility  and gene flow between reg ions continues;. -'•/• 
a t  a rate- g re a te r  than - in h is to r ic a l  tim es. However, most traceab le ' ' ., 
. fo rbears of most- people, e sp e c ia lly  ;in the  provinces and ru ra l  /.areas, "■ 
'.'are- found l-t- have / l iv e d .in  the same region - as . th e ir  - p resen t day - 
descendants (Harrison,/./Hioms, Kuchemshn',..; 1170; - Dobson, 1 --->7-3)*' •
.Education -is '..frequently an important" fa c to r  o f oreeber so c ia l 
m ob ility  and th is  may provide s ig n if ic a n t-g e n e tic  d  ^ e rc n c e s  between 
so c ia l c la s se s . A new genetic  grouping based upon th is  may come fron  
admixture of penes from, varying reg ions. G enetic-heterogeneity  .may / 
in  f a c t  no t d isappear b u t change from a reg ional to  a. s o c ia l  s tru c tu r e .
The tra c in g  c f  h is to r ic  or p re h is to r ic  re la tio n sh ip s 'am cn r groups 
cf populations may r e f l e c t  a c tu a l genetic  r e la t lo n s h ip s . Cms tnndse- 1 
Festermann (1;?6S) in  a s tu %  of F estem  Europe te n ta t iv e ly  p o s tu la te s
the ex is ten c e -o f-g en e tic  links, between Scotland, Ire lan d  .and-"' 
Ice lan d . An h is to r ic a l  assessm ent of these  areas i s  .of s ig n if ic a n c e . 
The d e riv a tio n  of o ne . groiip from another, o r groups, w ith  .common 
ancestry , or a..mixture of groups, a l l  in d ic a ted  by Scandinavian 
' co lo n isa tio n  of' Western"Europe and the A tla n tic  is la n d s , must have , ; 
an e f fe c t  cn genetic  c o n s titu tio n . Genetic evidence may very w ell 
'correspond with the l in g u is t ic  and h is to r ic a l . ’ evidence, -availab le .
7- E vidence 'fo r the o rig in  of. genetic  v a r ia tio n  -.in' B r ita in ,' /.though, 
- in d ir e c t ,  i s  s trong  (R o b e rts ,'1973). C o n trib u tio n s .come from such 
sources ©s. e a r ly  -documentation in. sagas and ch ro n ic les , archaeology,' 
l i n g u i s t i c s , 1 h is to ry  and t r a d i t io n .  The l e a s t  evidence i s  b io lo g ic a l 
w ith genetic  evidence p ra c t ic a l ly  n o n -ex is ten t.
A ll sources t e s t i f y  to  successive invasions on varying sca le s  
across B rita in  from e a r l i e s t  tim es, as the  islands* p o s itio n  in  
r e la t io n  to  Europe e ffe c ted  a constan t stream  o f ' im m igration* The 
geography o f .th e -c o u n try  i t s e l f  had considerab le  in fluence  cn the  . 
peopling o f B rita in  and re te n tio n  o f  population d1f fe re n c e s .
In p re -h is to r ic  tim es invasions appeared to  be freq u en t with 
c u ltu re s  succeeding and overlapping, producing a zone o f c u l tu ra l  
replacem ent and probably much gene pool f lu id i ty ,  in  the  e a s i ly  
accessib le- area's o f 'lowland B r ita in .
By c o n tra s t, th e  more iso la te d  reg ions of highland and is la n d  
B rita in  received  new con tac ts  a t a slower r a te ,  probably by tra d in g  
and occasional ra id in g  r a th e r  than by mass invasion . Already e x i s t ­
ing c u ltu re s  would tend to  absorb new in f i l t r a t i o n s  and old customs 
.and ideas l iv e  on giving, c o n tin u ity  of t r a d i t io n  and probably slew 
in f i l t r a t i o n  -of gene pools. Many archaeological' se ttlem en ts  give 
in d ic a tio n  o f 'p ea ce fu l ex istence and high c u ltu ra l  s ta n d a rd s , g iv ing
r is e  to  continuing, and s ta b le  gene poo ls. Successive invasions swept 
across B rita in  leav ing  a patchwork' o f gene pools. The f in a l  major 
stream  of gene inflow  came from Scandinavia w ith the  same p a tte rn  
occurring , ra id in g  and subsequent se ttlem en t. The impact of the  
Norman invasion  was s o c ia l ra th e r  than genetic  as the g re a t mass 
o f o r d in a ^  population  remained r e la t iv e ly  unaffec ted . Since then, 
gene flew  has been a s l ig h t  and on-going process, w ith d i f f e r e n t ”' - 
European refugees through the  ages and in v ite d  Commonwealth immi­
gran ts of the  tw en tie th  century .
I t  i s  p o ssib le  th a t  major c u ltu ra l  innovations over*a wide 
area means a t  l e a s t  some new genes, bu t c u ltu ra l  d iffe ren c e  does no t 
n e c e ssa r ily  in d ic a te  genetic  d iffe ren ce . However, a slow i n f i l t r a t i o n  
of new genes would a f fe c t  gene pools on a lo c a l  b a s is , and presumably 
in  sm all iso la te d  populations founder e f fe c t  and d r i f t  would be 
d ec is iv e  fa c to rs  in  random v a r ia tio n s  of gene frequencies . Even i f  
th e re  was abso lu te  d is t in c t io n  between reg io n s, gene flow must dim inish 
d iffe ren ces  and g rad ien ts  may w ell have been e s ta b lish ed  over i n t e r ­
mediate a reas.
Roberts (1973) suggests i t  i s  reasonable to  expect much lo c a l  
v a r ia tio n  to  have disappeared as a r e s u l t  of p a ra l le l  s e le c tio n  and 
gene flow. "However, 'th e  major fe a tu re s  of d is t in c t io n  between reg io n s , 
and e sp e c ia lly  the two p r in c ip a l c u ltu ra l  provinces, h ighland and 
lowland B r ita in , may have been so entrenched as to  p e r s i s t  and produce 
g rad ien ts  between them. Gene pools may p e r s i s t  in  le s s  access ib le  
areas where groups e s ta b lish ed  se ttlem en ts  of s u f f ic ie n t  s iz e  fo r  
genetic  s ta b i l i ty  and remote enough fo r  gene frequencies to  remain 
u n d ilu ted  by gene How from the o u tsid e .
In B r ita in , the  continuing ex istence  o f genetic  v a r ia tio n  
between lo c a l  populations i s  c le a r .  Kopec1s (1976) survey demon­
s tr a te s  s t a t i s t i c a l l y  the  ex istence o f-tw o ,ty p es’of v a r ia tio n  in  
ABO gene frequencies; th e re  i s  e i th e r  homogeneity ever a defined 
area and abrupt v a r ia tio n  along i t s  border, c r a c le a r ly  d e tec ted  
g rad ien t. Less d e ta ile d  analyses of v a r ia tio n s  in  frequency of 
co lou r-b lindness, th e  a b i l i t y  to  ta s te  P .T .G ., some in h e r ite d  
d iseases and v a r ia t io n  in  eye and h a ir  colour in d ica te  th a t  the  
population of B rita in  i s  f a r  from uniform in  gene frequencies con­
t r o l l in g  these  genetic  t r a i t .  Gross reg io n a l v a r ia t io n , lo c a l  v a r ia ­
tio n  w ith in  regions and d iffe ren ces  between urban a n d  r u r a l  p o p u l a ­
tio n s  have been d e tec ted .
Although i t  i s  evident th a t  such dermatoglyphic t r a i t s  as t o t a l  
ridge-count and p a tte rn -ty p e  on fin g e rs  i s  determined by a number 
of ad d itiv e  genes, l i t t l e  i s  known about the method o f in h e r ita n c e . 
Holt (1968) suggests th a t  p a t te rn -s iz e ,  as in d ica ted  by rid g e -co u n t, . 
i s  s tro n g ly  determined by h e red ity . The combination o f h ig h ly  s ig ­
n if ic a n t  p a re n t-c h ild  and s ib -p a ir  c o r re la tio n s , and th e  f a c t  th a t  
monozygotic tw ins are fa r  more h igh ly  co rre la ted  than dyzygotic tw ins 
in d ic a te s  th a t  to t a l  ridge-coun t i s  an in h e r ite d  m etrica l c h a ra c te r . 
There i s  a remarkable agreement between observed fa m ilia l  c o r re la tio n s  
and th e o re t ic a l  values fo r  p e r fe c tly  ad d itiv e  genes, w ith th e  h e r i t -  
a b i l i t y  of t o t a l  ridge-coun t being one of the h ig h est e s ta b lish e d  
in  man.
This strong  genetic  co n trib u tio n  to  a number of derm atoglyphic 
t r a i t s  in d ic a te  th e i r  e ffec tiv en ess  in  in v e s tig a tio n s  of lo c a l  popu­
la t io n  d iffe re n c e s . B rita in  may have become g e n e tic a lly  homogeneous 
as assessed by dermatoglyphic t r a i t s ',  bu t d e sp ite  g re a te r  so c ia l
m obility  and - r e la t iv e  access a b i l i ty ,  d iffe ren ces  are  s t i l l ' .d e t e c t -
. able*vI f  lo c a l  g en e tic  v a r ia t io n -e x is ts , ' then any associations....--'' 
in d ic a te d : between, sp e c if ic  -dermal - tra its ' and some d isea se ’s re ly in g  
-on comparisons w ith "normal” -samples ..are o f du.bici.is-n a tu re  .and the  
variations-, w ith in  lo c a l  commxjnities. and .between d if f e re n t  a re a s . .. - 
’m ust'be considered*
.Orkney I s o la te  . :
"’.The - Orkney' archipelago, "is a" .sm all,' .iso la ted  ccansmhity "with ■..
. well-documented se ttlem en t p a t te rn s  cnd:provided an id e a l area fo r 
study of genetic  V a ria tio n  w ith ’o ther - areas - o f  B rita in , and bet^e^n 
." the: is lan d s  - themselves* As'- an area  :pf. Scandinavian se ttlem en t they, 
o f fe r  data  for. com parative’ study -.with populations 'from /Shetland, 
Iceland , Scandinavia and s im ila r  reg ions in  BrHain.V v.
Tiie is lan d s  are iso la te d  and th e  movement of people from th e ' ; 
a rea  far"outw eighs in 1 r  si one In to  t h e ■community."In"some'- a re a s . of - 
B r ita in , p a r t ic u la r ly " c i t ie s ,  the population  i s  too. cosmopolitan to  
be of v a lu e" in -reg io n a l "stud ies.- Movement through the country  is . 
common as a. re su lt,  o f the f lu id  "state- o f "the" labour -market in  cvr 
commerce-orientated so c ie ty . Before the B r it ish  reach the American 
s tage  of b io so c ie l "homelessness” (BrotH f*!! and Boyce, 1973) i t  i s  
im portant to"'study" the ' l e s s  'displaced, "regional po p u la tio n s. Changes, 
"'however,-.' a re ': -beginning. to  occur in  Orkney, as 'a r e s u l t  of immirration; 
' s o p h is t ic a t io n ' o f " farm ing. -techniques and o i l  development in  the  
Hcrth Oea* There i s  some urgency in  studying such groups before, too 
much population lo ss  and so c ia l fragm entation 'occurs. The is la n d s ',  
as a whole.-can be co n sid e red .& "closed” so c ie ty  against the p e r-  . 
sp ec tiv e  o f .b io lo g ic a l in te ra c tio n  w ith  o ther p a r ts  of B r ita in . Even
in  recen t y ea rs , from reference  to  fam ily and p a rish  reco rd s , 
the. geographical b a r r ie r  o f th e  sea has helped;m aintain  the  g enetic  
and demographic - I d e n t i ty ' of. 'th e ' sm all i s la n d . groups to  a. la rg e  
ex ten t. Knowledge of the  genetic  makeup and any heterogeneity;-.w ithin 
the-geographical s tru c tu re  o f the  is la n d s  provides a n ' e x c e lle n t 
- opportun ity  to  study fa c to rs  a f fe c tin g  local, genetic  variation ,',;-
In  sm all populations i t  i s ■e s s e n tia l  fo r so c io lo g ica l and’ h i s ­
to r ic a l  fa c ts  to  be taken in to  account in  th e  study o f gen e tic  d r i f t .  
'Gejdusek (196k) emphasises, th a t  th e  h is to ry  and s o c ia l fac to rs ; of 
the group sh o u ld ' be 'considered ' when u n u su a l'incidences o f genetic  
t r a i t s ,  in  sm all human is o la te s  are  in d ica te d . Kinship p a tte rn s  and 
m arriage d is tan ces  (Boyce e t  s i , '  1973) a s s i s t  in  re co n stru c tin g  p as t 
breeding p a tte rn s . C iv il r e g is te r s ,  medical records and fam ily  p ed i­
grees were used to .a  g rea t ex ten t in  the  survey of the  is la n d s , w ith  
fam ily h is to ry  forms providing d e ta i l s  of--'relatedness w ith in  th e  
dermatoglyphic-samples •
- Very, l i t t l e  s tu d y ’ o f genetic  t r a i t s  had been d en e-p rev io u s ly ' 
in  Orkney. Blood-group d is tr ib u tio n  was covered by Brown' - (1965) and 
Kopec (1976) bu t using  inform ation from - b lo o d -tran sfu e io n  and donor 
cards. Blood enzyme frequencies were .c ited -b y  Welch (1973) and Welch 
e t  e l - (1973): f o r  the is la n d  o f W estray, Sunderland (1966) in  .h is ' 
review o f P.T.O, g iv es 'freq u en c ies  for-.mainland. Orkney-which -.d iffer. . 
s ig n if ic a n t ly  frcm .those c ite d  by Boyce e t  n l (1973) in  th e i r  in tro - ,  
ductory commentary on severa l t r a i t s  includ ing  blood-groups, eye- 
co lour, P .T .C ., dermatoglyphics and demographic an a ly s is  of p a rish  
records. Surrounding areas such as northern  Scotland and Shetland 
are as sp a rse ly  rep resen ted , although Berry and .Muir (1975) In d ica ted  
frequencies of various genetic  t r a i t s  and d iseases  in  Shetland ,
Disease m o rta lity  fo r. Orkney and surrounding areas was. fu lly , 
covered .by Howe (1963) .In h is  s tudy  o f  the  B r it is h  .I s le s .  v.
. - The .archeo log ical re c o rd . of p a s t ' Orcadians .is  well-documented 1 
.and f a r  outweighs any s tu d ie s  of . the  l iv in g  population . Wo ‘-fu lly  . 
■comprehensive survey has 'been  -attem pted in  the. northern  areas' o f -. 
■Scotland, such , as a re  - in  ..progress in  more. access ib le  reg ions o f 
B r ita in . H oover, i t  ■is an ..excellen t area --for..-genetic- s tu d y ,,p a r -  • 
t i c u l a r l y  o f }ld r l f t !l, as. even now 'th e re  are  many iso la te d  and lo c a l
■ populations based on is la n d s  and geographically  in a c c e ss ib le  -. l o e e l i -  '•'. 
t i e s .  . .
Gene frequencies 'o sc illa te -' about / th e ir  e q u i l ib r ia ,  w ith the
o s c il la t io n s  becoming, la rg e r  in  magnitude as . the  population  s iz e  ':
decreases. The cumulative e f fe c t  over /a  -number' o f g en era tio n s  may -.
lead  to  e lim ination  o f some a l le le s  and. f ix a tio n  o f 'others.-, S m a ll.
"population - s iz e  ♦, such as th a t  found in  Orkney, p resen ts  an opportun ity
/ to -s tu d y -th is  e f f e c t .  Often ra re  cond itions are noted in  inbred  popu- -
ls ticn s ..,O n  S trcnssy , one of the no rthern  is la n d s  of Orkney, th e  ra re
autosomal-dominant condition  o f Tylosis was .found 'in  an -extended
•family '(K uir, in  .p ress).: Random'- p rocesses l ik e  'genetic, d r i f t  a re  •-.
Im portant in  small; and iso la te d  groups,' as in  a la rg e , population  th e i r
/e f f e c ts  tend to  be, '.'overshadowed - by -.'.selection*-. However, /the e f fe c ts
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.o f. gene flow -and genetic  d r i f t  are inextricably-14«44-ed t i l th - th e  
e f fe c ts  o f s e le c tio n 'a n d  m utation t h a t . i t  .is  im possible to  consider
■ them a p a rt.
Small Population Studies
Island  l i f e  o ffe rs  o p p o rtu n itie s  to  study a p a r t ic u la r  type of - 
' .evolutionary p a tte rn  involving the  in te ra c tio n  of n a tu ra l  s e le c tio n
9w ith .random genetic  d r i f t  end ^founder-,principle .(Dobzhansky, -1 963),-''.
; Xn ;s study of Hew Guinea by G iles e t  e l  (1966) two v il la g e s  re p re -  '. ; 
.sentod'.groups with an h is to r ic a l  unity:-, and' environmental s i m l s r i t y i  '
' 'undergoing .micr*' -evoiw tich b y  means o f genetic  -d r i f t ,  as a' r e s u l t .
:o f c u ltu ra l  - i - t c  r s  promoting, b io lo g ica l;'’- I s o la tion. H ighly ..signif i~ 
:ean i d iffe ren ces  ;o f  some blocd-grcgip systems were found between .ftshs ;• 
.village,s.-'' the estab lish* ,e r i  • of. a population ' b y - re la t iy e ly  few 
'•founders, more, e a s ily  accounts fo r  -ex tensive gene frequency v a r ia tio n ,' 
'than does ;random,f lu c tu a tio n  in" a la rg e  p o p u la tio n ..'
- For a c le a re r 's o lu t io n  o f. th e  problem '£  a r c t i c ,  d r i f t  an nna- •
, l y s i s  o f a -g en e tic '';iso la te  o f s i z e ,  g<~o ana ■ o r ig in ' end which ■ 
in  p a r t ic u la r  shares an environm ent'in d is tin g u ish a b le  from th a t  of - 
the major populations with which i t  i s  to  bo compared, The O rkney’ ..• 
is la n d s  are 'w ell su ite d  to  tb5.s category  as most o f  .••the '.comparative 
."Scandinavian colonies embrace a s im ila r  c lim ate  and environment.;;- 
However,;'/ i t : :  I s  - b e t te r ' i f  -the i s o la te  i s  n e i th e r •geographic nor '- 
econcmic s in ce  th e se 1 a i r h t  be c o rre la te d  with s e le c t iv e  .'fa c tc rs . An ; 1 
e thn ic  i s o la te  i s  f a r ' l e s s  s u ita b le .a s  i n i t i a l  d iffe ren ce s  in  gene 
frequency m ig h t.a lso  have a se le c tiv e ' e ffec t*  'Hie type o f i s o la t e  .
■ d e s ire d ;is  found in  en d o g en o u s 're lig io u s .sec ts  such' a s ’ th e  Bunkers'- 
or.-Amieb*i''
'‘- Glass an d ,h is  colleagues. (19^2) dem onstrated th a t  th e  marked .■ 
d iffe re n c e s .. i n ' frequency • o f 'various a l le le s ,  in  th e i r  study o f the  : :; ■ 
.Bunkers, arose a t  d if f e r e n t  times and th a t  changes of g rea t magnitude 
can occur w ith in  s .period of two o r . th re e  g enera tions. .I t '- is  apparent 
th a t  genetic  d r i f t  determ ines gene frequencies to  a “considerab le  
. ex ten t1!,-, in  small human’is o la te s .
■ HcKusick e t  a l (1 ?61j) found th a t  the re lig io u s  I s o la te  -of- 
th e  • Jkaish;was- favourable fo r  genetic  s tu d ie s  • as • they  were n s e l f -  .
.d e f in e d ,1.c lo sed ,popu la tion  with an e x c e l le n t■g en e a le r le a l record .'
Due to  th e i r  agrarian;: way ;o f  l i f e  ‘they* '.are"relatively im m obile artd'; o 
la rg e  k in d re d s a re  a v a ilab le  . fo r  study , in  a "lim ited geographical 
• a rea . The d ifferences- In background' and th e re fo re  presntnably -in •
. g en e tic  c o n s titu tio n  of the Jlraish groups'/ i n ' -six-'-areas, were re f le c te d  
'by diotribwt-*on o f fam ily names.
'^Genetic, s tu d y re f: the  finish by Jackson e f  e l  (I960), in d ica ted  
- th a t  th e  blood-group.- ’d is tr ib u tio n '' d if fe re d  V greatly" from ’ th a t  ' i n \ ;
■ random population samples and find ings were linked  with-.©-,high . • 
■degree of inbreeding . '
I t  i s  hard to  suggest,any  fa c to r  except genetic  d r i f t  account­
ing fo r  the  d ivergen t gene frequencies found in  the  Eskimo groups of 
Thxjle in  northern  Greenland. Laughlin (1950) has compared th e  e x i s t ­
ing da ta  on various-.Eskimo populations and i t  i s  apparent:;-that- the ' 
sm aller groups . d i f f e r  s tr ik in g ly  from the  major ones. In  n e a r l y 'a l l ' 
small, popu la tion  s tu d ie s  v aria tio n . In  gene frequencies b e tw e e n lo c a l- 
groups, , and between o ff-sb q o t and paren t pc-pidetions. beve ' been a t t r i ­
buted to  d r i f t .  ,.B irdsell, s (19b0) survey in  south-w est A u s tra lia  :of 
fo rty -tw o Aborigine groups -showed sharp hlood-rreno: gene freqxmney;. 
d iffe ren ces  as did th o se ' o f the  Hunkers, .;Aisish and Hew Guinea i s o la te  
Other s tu d ie s  (Lasker, 1957? Roberts, 1?56) of demographic and 
mating, s tru c tu re s  of s o c ie tie s ' examined, in d ica ted  -the m agn itude 'o f7'- 
d r i f t  th a t  could occur. R e s tr ic tio n s  were d u e•to"random.v a r ia t io n • 
w hich.occurs in.gam ete-sam pling from one g e n e ra tio n .to  th e  n ex t. I t  
was •suggested th a t  mating .s tru c tu re s  of the  soc ie ties ., involved would; 
only allow o sm all degree o f d r i f t  to  occur.
However,' very l i t t l e  h a s . been- s tud ied  on d r i f t  processes as 
random unique events as they  are  .often s ta t i s t ic a l ly I n d e te r m in a te .
A blood group s uryey of Holy Is lan d  (Oart*?right, pars • comm . p i  973) : 
has., provided evidence o f . founder e f fe c ts .  Roberts (1 ?6B) has q u an ti­
f ie d  such e f fe c ts  in  h is  paper 'which' considers the  .influence o f , : 
acc iden ts  m  the.-genetic; c o n s titu tio n ' .of ah population,; and in  par--.; - 
t i c u la r  'bw- i h i s ’hse been brought about- by d lm irr tic n  -'-of1.numbers.
Xt-'ts d i f f i c u l t  .to  assess  the  "bottle-neck*1' or founder -effects-.;; 
as th e  gene .'frequencies' both, before  and a f te r  need to 'b e  know n.'’ 7 
Berry .(1971?) • I n ' .her' study -.of-; non-m eirical sk u ll  variants:'em phasises .;
■ cau tion  in  in te rp re tin g , genetic-al- d is tan ce s  m d  in  general h e r ' e s t i ­
mates -are in": accordance; w ith - known • population; morm s .
In  Roberts* (1968) study, o f Tristan-da-Cim ha the  population  :
;s ise  had. th re e  phases of in crease  between 1016 end .-1961. i these  period
.being separated  by sudden and d ra s t ic  population _ red u c tio n s , o r  .'."true"'
. b o ttlenecks” . Roberts ca lcu la ted  from pedigrees which .'.ancestors con-
t r ib u te !  which genes.. A reduction  in. th e  number' -;o£ co n trib u tin g
ancesto rs canoed a change-in th e - r e la t iv e .co n trib u tio n s  of. the
rem ainder.’vThe.-*fpnc*' method” was taken as a s ta r t in g , p o in t fo r  th i s
.■ an a ly s is  and i s  obviously"a- powerful one in  assessing  -tbe. in flu en q e
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"of random and non-random p ro c e sse s ;on the  gene pool. L e s t gene were 
n o t 'e n t i re ly  random as those who l e f t  se le c ted  '-to go, -and; loss-was'.-, 
•sometimes exaggerated when whole -fam ilies 'em igrated . Heavy lo s s  of 
population did  n e t occur to th e  same ex ten t in  Orkney euaS men went 
t o s e a ,or - em igrated fo r  periods then re tu rn ed . Roberts* .study shows 
th a t  th e re  i s  no doubt as .to the  importance of d ra s t ic  population
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rcduci-af* in  shaping th e  • genetic.- .constitu te  cn o f an iso la te d  p o p u le -• 
tion* The gone frequency changes’th i s  e f f e c ts ,  however,- can only ^be -;
a ttr ib u te d '- to  d r i f t ,  when the process is 'd e f in e d  so as to  in co r­
p o ra te  a l l  random unique even ts. -There may be an ap p rec iab le '.se lec ­
tiv e  component p resen t in-man a ffe c tin g  gene frequencies , due..to. 
the  in flu en ce  on evo lu tionary  processes from fam ily and so c ia l, ties#.-
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GEOGRAPHY OF ORKNEY ISLANDS
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Fig. 2.1 Showing r e la t iv e  p o s itio n  of Orkney I s .
GEOGRAPHY
In troduction
The county o f Orkney l i e s  on la t i tu d e  59 North and co n s is ts  
of approxim ately 70 is lan d s  o ff  th e  N orth-East t i p  of Scotland, 
extending fo r  50 m iles along a North-N orth-East ax is  (see Fig 2. 1.). 
They are  divided in to  th re e  groups -  North I s le s ,  South I s le s  and 
Mainland - by broad f i r th s  and sounds (see  Fig 2. 2). The area o f  
the  county i s  2iiO,81i8 ac re s , o f which the  main is la n d  accounts fo r  
about '$k% w ith 0 , 1*  ^ urban lan d .
Geology
Unlike Shetland, where the  geo log ical s tru c tu re  i s  f a i r l y  
complex, the  rock form ations in  Orkney are  r e la t iv e ly  sim ple in  
p a tte rn  and resemble the  rocks o f C aithness across the Pentland 
F irth#
G ranite and sc h is to se  rock , which occur in  Hoy, Graemsay,
• Stromness and Yesnaby, are  the basement rocks rep resen tin g  p a r ts  
of the immensely old Pre-Cambrian land  su rface  on which the  se d i­
ment-producing d e p o s its , g en era lly  red  in  co lour, are known as 
Old Red Sandstone, w ith an estim ated age o f about hOQ m illio n  
years* The Old Red Sandstone are  d iv ided  according to  t h e i r  age 
and p o s itio n  in to  th ree  groups -  low er, Middle and Upper. In  
Orkney the lower i s  absent (see Fig 2 .3 ).
The Middle Old Red Sandstone has a maximum th ickness of 
I k ,000 f e e t  of sandstones and f la g s to n e s . There are th re e  main 
subdiv isions known as th e  Stromness beds, the  Rousay beds and the  
Eday beds, occurring  in  th a t  order o f superposition  and named 
a f te r  the  lo c a l i t i e s  in  which each subd iv is ion  i s  ty p ic a l ly  
developed.
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These sedim entary ro ck s , p a r t ic u la r ly  th e  flag sto n es  a re  
well-bedded though not v ery  hard . G rindstones were made from 
some o f them, b u t were only hard enough to  g rind  here , a r e l a ­
t iv e ly  s o f t  g ra in . G rindstones of M illstone g r i t  from th e  
Permines were imported to  d ea l w ith o a ts .
The th re e  Middle s e r ie s  d i f f e r  somewhat in  co lour and charac­
t e r i s t i c s ,  and give r i s e  to  d S ffe ren t s o i l s  and flag sto n es ; th in  
ones fo r  ro o fin g , th ick e r fo r  paving stones and th e  more s o lid  
sandstones fo r  fash ion ing  b u ild in g  b locks. From p re h is to r ic  tim es 
to  th e  p re sen t day Orcadians have made s k i l f u l  use of th e  s to n es . 
The use of th in ly -lam in a ted  flag sto n e  as a s u b s ti tu te  fo r  wood 
has been a c h a ra c te r is t ic  and p e r s is te n t  fe a tu re  o f b u ild in g  in  
t r e e le s s  Orkney.
The Stromness beds, th e-low est in  the sequence, have been 
l a id  down on the  worn surface  o f the much o ld er rocks o f th e  
g ra n ite -s c h is t  complex which outcrop in  th e  Stromness neighbour­
hood, They are  m ostly ochrous, th in ly -lam in a ted  fla g sto n es  which 
weather in to  ex c e lle n t s o i l s  and produce sp lendid  c l i f f  a rc h ite c ­
tu re .
Above th e  Stromness s e r ie s  l i e  th e  Rcusay f la g s to n e s , gen­
e r a l ly  more slabby and grey in  co lour. They u n d e rlie  th e  p e a t-  
covered uplands o f Rousay and th e  fo rb idd ing  moors o f Harray, 
However, the  s e r ie s  a lso  Include sediments which produce lowlands 
and good s o i l s .  The f e r t i l e  East mainland and the  northern  i s l e s  
o f Shapinsay, Westray and Sanday are  founded upon Rousay beds.
S im ilar v a r ia tio n s  occur in  th e  Eday s e r ie s  which o v e r lie  
the  Rousay beds. Eday beds a re  found in  Eday i t s e l f  and th e  f e r ­
t i l e  lowlands of D eeraess, and the  southern i s l e s  of Burray and 
South Ronaldsay (see F ig -2.3).
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Fig. 2 .3  Geological Sketch Map of Orkney
Tiie remains of p r im !tire  f is h  found in  varying s tag es  of 
p rese rv a tio n  in  the  sedim entary rocks, p a r t ic u la r ly  th e  f la g ­
stones, give r i s e  to  th e  ifish -bed^  (see F ig  2.3). Apart from one 
group, they have no known l iv in g  re p re se n ta tiv e s  or descendants* 
The area  most p r o l i f i c  in  these  f is h  remains i s  th e  West mainland, 
where they  are  m ostly confined to  th e  Stromness f la g s .  F ish-beds 
of much le s s e r  ex te n t occur i n t h e  Rousay se ries*
The Upper Old Red Sandstone sediments have been l a i d  down in  
tu rn  on the  weathered surface  o f the Middle s e r ie s  and are  
r e s t r ic te d  to  the  is la n d  o f  Hoy. I t  c o n s is ts  of 3,500 f e e t  o f Hoy 
Sandstone overly ing  1*00 fe e t  o f rock derived  from m a te ria l d is ­
charged from volcanoes which were a c tiv e  before th e  dep o sitio n  o f 
the  sandstone. The red  and yellow  sandstones have given r i s e  to  
th e  s teep  bu t well-rounded h i l l s  which make such a marked c o n tra s t 
w ith th e  low r e l i e f  o f the r e s t  of Orkney. Their hard and slabby 
s t r a t a ,  exposed to  the  f u l l  fu ry  of the A tla n tic  storm s, have been 
weathered in to  the f a n ta s t ic  c l i f f s  o f w estern Hoy. The summit of 
Ward H ill  a t  1,565 f e e t  above sea le v e l i s  the  h ig h est p o in t in  
Orkney.
S hell-sand  i s  an unconsolidated  d ep o sit which occurs cn most 
Orkney beaches and occasio n a lly  in land  as accumulations of wind­
blown m a te r ia l. I t  c o n s is ts  e s s e n t ia l ly  o f t in y  fragm ents o f sea 
sh e lls  r ic h  in  m inera ls , which are  a valuab le  sotirce o f  lim e fo r  
a g r ic u l tu ra l  purposes.
During the w e tte r  and co lder c lim a tic  phases th ick  accumula­
tio n s  of pea t developed on the  Orkney uplands. For c en tu rie s  th is  
was the  only source o f fu e l .
Shaping th e  Land 
Earth Movement:
Although the  c h a ra c te r is t ic s  o f the  various rocks are  impor­
ta n t  in  determ ining the  ch a rac te r  of the  Orcadian landscapes, th e  
s tr u c tu r a l  processes o f ea rth  movements, fo ld in g  and fa u lt in g , 
and the e f fe c ts  o f  g la c ia tio n  and w eathering have been s ig n if ic a n t  
fac to rs*  D eep-seated movements have folded th e  Orkney sediments 
in to  g en tle  arches and troughs, and caused much cracking and 
fa u ltin g  in  the b r i t t l e  sandstones and f la g s .
Marine Erosion: -
C oastal fe a tu re s  are  produced by the d e s tru c tiv e  a c tio n  of 
th e  sea operating  on these  rock form ations. The p ressu re  exerted  
by waves averages about a q u a rte r  o f  a to n  per square fo o t in  th e  
summer and a ton  p er square fo o t in  th e  w in te r. During storm s th i s  
i s  much increased* The c h a ra c te r is t ic  products o f marine erosion  
most freq u en tly  developed in  Orkney are  th e  long , narrow in l e t s  
known as geos, and a re  a re s id u a l fe a tu re  o f sea caves whose ro o fs  
have co llapsed . Sea caves, arches, s tacks and blow-holes a re  
extrem ely common. The sea cave r e s u l t s  from removal o f rock , along 
the  l in e  of f a u l t  p lanes or p a r a l le l  dykes. The blow -hole, or 
* gloup* as i t  i s  lo c a l ly  named, i s  a  n a tu ra l chimney o r v e r t ic a l  
s h a f t  in  a cave communicating id.th th e  su rface  a t  some d is ta n c e  
in lan d .
G lac ia tio n :
Of com paratively recen t geo log ical da te  a re  the  d ep o s its  
l e f t  by g la c ia tio n  which take the form o f boulder c lay  and f in e ly  
p u lv erised  rock m ate ria l containing rock bou lders. These re p re se n t
the ground m orraines of ic e  shee ts  l e f t  behind when the  ic e  
r e tre a te d  o r m elted. These g la c ia l  d ep o sits  or 1d r if t*  are f a i r l y  
widespread in  Orkney,, although d is tr ib u tio n  i s  i r r e g u la r  and the  
th ickness i s  v a r ia b le .
HLth'-the onset of the Ice Age about one m illio n  years  ago, ic e  
sh ee ts  spread to  Orkney from Scandinavia and l a t e r  from mainland 
Scotland* The moving ic e  smoothed th e  Orkney h i l l s  in to  th e i r  p re ­
sen t shapes j a r e la t iv e ly  easy and probably rap id  process upon th e  
sandstones. The ex istence  o f the  g la c ia l  d ep o sits  have been o f th e  
utm ost s ig n ifican ce  to  Orkney’ s a g r ic u l tu ra l  development. In com­
b in a tio n  w ith th e  underly ing sandstone they have produced a f e r t i l e ,  
o fte n  e a s ily -d ra in e d  s o i l  o f good s tru c tu re  th a t  i s  the  b a s is  of 
the  is la n d ’ s  farm ing.
C lim atic F lu c tu a tio n :
From the  general p a tte rn  o f events around the  Forth A tla n tic  
and Forth Sea margins i t  seems c le a r  th a t  a c h i l ly  l a te - g la c ia l  
c lim ate p e rs is te d  in  the  n o rth  o f Scotland u n t i l  approxim ately 
8,000 B.C., when a warming-up occurred , By about 7*£00 B.C. the  
, Boreal phase was e s ta b lish e d , which la s te d  some 2,000 y e a rs . Con­
d itio n s  were more ’continental*  than  today, td th  considerab ly  
warmer summers and probably le s s  r a in  and wind. Trees such as 
rowan, e ld e r ,  b irc h  and h ase l grew in  Orkney* An A tla n tic  phase 
followed from about 5»£00 B.C. to  2,£00 B.C., during which th e  
conditions were probably wanner than a t  p re sen t, bu t th e re  was an 
in crease  in  ra in  and a decrease in  seasonal tem perature range. By 
th is  time i t  i s .  assumed people o f th e  Stone Age cu ltu re  had reached 
Orkney. R e la tiv e ly  warm conditions seemed to  have continued u n t i l  
about 700 B.C. when th e re  was an onset of co o le r weather*
R elating  the  s e a -le v e l adjustm ents and the  c lim a tic  f lu c tu a ­
t io n s , i t  would appear th a t  the  Pentland F ir th  was dry  la n d 'a s  
l a t e  as the Boreal period , and th a t  th e  sea was about 15>0 fe e t  
below i t s  p re sen t lev e l*  Both animals and p lan t seeds were spread­
ing  northwards as th e  clim ate  improved and th ey  could s t i l l  cross 
f re e ly  in to  Orkney* However, the Pentland land -b ridge  d isappeared 
and man had a sea-c ro ss in g  when he f i r s t  came in  th e  A tla n tic  
period* He alm ost c e r ta in ly  found open woodlands o f sm all t r e e s  
and general conditions would have been r a th e r  le s s  wet than subse­
quent tim es. S ea-level was a l i t t l e  lower than a t  p re sen t and i t  
i s  probable th a t  many e a rly  se ttlem en t s i t e s  were c o a s ta l and have 
s in ce  d isappeared.
Weather: '
The is la n d s  are  s l ig h t ly  n earer th e  A rc tic  C irc le  than they  
are  to  London, and in  consequence a re  cool in  summer. However, 
they  ore com pletely open to  th e  A tla n tic  to  th e  West and South- 
West, and thus b e n e f it  from the  sou th -w esterly  winds and ocean 
c u rre n ts , both o f t ro p ic a l  o r ig in , which move across the  Forth 
A tla n tic  throughout th e  year. Because o f t h i s ,  snow and f r o s t  are  
unusual in  Orkney, bu t the  m ild w e s te rlie s  b rin g  r a in  which f a l l s  
every month*
Average summer tem peratures a re  s im ila r  to  Western Norway'-'/, 
about 13°G in  Ju ly . Average w in ter tem peratures are remarkably 
m ild, b u t the  most c h a ra c te r is t ic  fe a tu re s  of Orkney a re  wind, 
cloud and r a in .
Wind i s  an ev er-p resen t fe a tu re , hence th e  coolness o f the  
summers and th e  cu ttin g  edge of th e  w in te rs . This i s  enhanced by 
the  general lack  o f n a tu ra l s h e lte r  on th e  is la n d s . On average,
gale fo rce  winds blow fo r  2h days each year and s a lt- s p ra y  i s  
c a rr ie d  f a r  in lan d . S a l in i ty  o f the a i r  combines with strong  wind 
to  in h ib i t  p la n t growth, and growing crops are always su b jec t to  
l a t e  Springs, slow growth and e a r ly  h a rv e s t. S a lin ity  i s  thought 
to  be a t  l e a s t  as im portant as s trong  winds in  p reventing  the  
growth of t r e e s .
Cloud i s  a dominant element and in  w in ter only a sm all p ro ­
p o rtion  o f th e  to t a l  p o ssib le  sunshine reaches the  ground. In  
summer th e re  i s  le s s  cloud but any drop in  wind causes dense fog 
or ’Forth Sea Hear*.
R a in fa ll v a rie s  considerab ly  in  d if f e r e n t  p a r ts  o f  Orkney 
and th e re  i s  g re a t v a r ia t io n  from year to  y ea r.
As a consequence o f th e  high la t i tu d e  th e re  are extreme 
v a r ia tio n s  in  day leng th  and in  sun angle between summer and win­
t e r .  In  January? the sun r is e s  s h o r tly  a f te r  10.00 h rs  and s e ts  
about 16,00 h rs . VJhen th e  sun i s  v is ib le ,  i t  i s  low in  th e  sky 
and the days a re  dark and .dismal. However, on c loud less summer 
n ig h ts  i t  never s e ts .  The sun r is e s  befo re  Ok.00 h rs and does no t 
s e t  u n t i l  a f te r  23.00 h rs . A d is t in c t iv e  fe a tu re  o f the  lin g e r in g  
summer day i s  the Orkney su n se t.
11 The severe aspects  o f Orkney’s weather a re  to  some e x ten t 
o f f s e t  by i t s  d is t in c t iv e  p lea su res . The splendour o f th e  summer 
sunse ts  . . . . .  th e  g re a t p u r ity  and c l a r i t y  o f  atmosphere and an 
ever-changing design o f cloud and su n lig h t give vai’ie tv  and a t r e ­
mendous sense of space to  the g en era lly  le v e l Orkney landscapes. 
L iving in  the towns o f th e  south one seldom n o tice s  the  sky; in  
Orkney i t  i s  the dominant p a r t  of every prospect. The combination 
o f sea , a smoothly rounded, open land  and an in f in i t e  v a r ie ty  o f  
sky-scape, to g e th er c o n s ti tu te  the  unique ch arac te r  and charm of 
Orkney.n (P a trick  B ailey , 1971).
POPULATION STRUCTURE
An understanding of the  s ig n if ic a n ce  o f  s im i la r i t ie s  and 
d iffe ren ces  between Orkney end o th e r popu la tions, and among the 
various Orkney communities, can only be achieved through the 
study of the  o rig in s  and in te r re la t io n s h ip s  o f th e  in h a b ita n ts . 
U n til th e  advent of permanent, system ic records o f in d iv id u a ls , 
th e  h is to r ic a l  inform ation i s  n ec e ssa r ily  im precise. C learly , 
more d e ta ile d  in v e s tig a tio n  o f the  r e la t iv e  co n trib u tio n s  o f 
s e t t l e r s  through th e  th ree  main phases o f Orkney h is to ry  w il l  
h e lp  in  determ ining a f f in i t i e s  w ith o th er communities.
An approximate assessment of population s iz e  can be asce r­
ta in ed  from s i t e  excavations o f brochs, c a irn s  and o th er archaeo­
lo g ic a l  rem ains. Skara Brae, excavated by P rofessor Chllde in  
.1928-29f i s  a n e o li th ic  se ttlem en t of s ix  or seven dw ellings, 
probably supporting 30-1*0 in d iv id u a ls . The gradual r i s e  in  sea 
le v e ls  has probably destroyed many o ther c o a s ta l s i t e s ,  as p re ­
sumably the general warmer cond itions and open woodlands would 
have supported a considerable number o f herdsmen.
The d is tr ib u tio n  o f c a irn s , o r b u r ia l  chambers may a lso  
r e f l e c t  population  numbers. The number su rv iv ing  i s  su rp r is in g ly  
la rg e . On Rousay th e re  would seem to  be as many as th e re  are  farms 
today. Each v a u lt  may correspond to  a s o c ia l  and economic u n i t  o f 
s im ila r  s ic e  and the population would r e f l e c t  th a t  of the p re sen t 
day farming community. (Child©, 193>2).
The number o f brochs a t  p resen t known I s  102, each probably 
supporting a community of 30-50 in d iv id u a ls , suggesting the 
is la n d s  may have had a few thousand in  population . P ro fessor Childe 
suggests th a t  Orkney supported a r e la t iv e ly  dense population  by
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in ten siv e  farming and in  f a c t  eased population  congestion by 
co lo n isa tio n . Hie Broch cu ltu re  spread from Orkney through n o r­
thern  Scotland td th  s i t e s  in  th e  Hebrides and even as f a r  south 
as G a lash ie ls .
However, v a r ia tio n  between th e  is la n d  communities i s  l ik e ly  
to  be in fluenced  by more recen t f a c to rs ,  p a r t ic u la r ly  those  o f 
sm all population  s is e  and p a tte rn  movements between communities 
(H arrison and Boyce, 1972), and th ese  can be in v e s tig a te d  through 
th e  study  of demographic reco rd s . The Census Enumerator* s Returns 
in  Scotland are av a ila b le  from 18I4I —18^ 1. Hiese provide inform a­
tio n  on household composition and on the  ages, m a rita l cond ition , 
occupation and b ir th -p la c e s  o f in h a b ita n ts . A number of param eters 
o f genetic  importance can be determ ined from these  records? in  
p a r t ic u la r ,  the  e f fe c tiv e  s iz e s  o f populations and th e i r  degrees 
o f is o la t io n  and in te rco n n ec tio n . The sm all e f fe c tiv e  population  
s iz e s  and th e  r e l a t i v e l y  sh o rt d is tan ces  over which movement o f 
genetic  s ig n ifican ce  occurs, suggests th a t  s to c h a s tic  p rocesses 
may w ell have played an im portant p a r t  in  producing lo c a l  g enetic  
v a r ia t io n , inform ation from c iv i l  r e g is te r s  and census re tu rn s  4* 
about a l l  components o f movement can be summarised in  the form o f 
m igration m atrices (Bodmer and C av a lli-S fo rza , 1968? H ioras, 
H arrison , Boyce and Euchemann, 1969), the  an a ly s is  of which enables 
p red ic tio n s  to  be made o f p a tte rn s  o f re la ted n ess  and of genetic  
v a r ia tio n .
The population f ig u re s  fo r  Orkney derived from various counts 
taken during th e  p a s t two cen tu ries  are  given in  Table 1 and th e  
population  trends a re  shown in  Fig 2 .14.These f ig u re s  were derived 
from census re tu rn s  by Dr. R. Barclay. During any census the  
f ig u re s  r e fe r  to  those people p resen t a t  th a t  tim e. In Orkney
27
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(a)
(b)
Fig. 2 .5  S p a tia l d is t r ib u tio n  of occupied houses on is la n d  
of Sanday.
(a) .1905 '
(b) 1971
Population numbers from Census 1901 : 1,727
1961 : 670
th i s  p ra c tic e  has le d  to  considerab le  d is to r t io n  o f numbers through 
the  in c lu s io n  of persons on sh ips in  harbours, f is b e r fo ik  from 
Scotland operating  in  f is h  f a c to r ie s ,  and o ther s tra n g e rs .
Dr. Barclay e lim inated  the bulk o f non -residen ts  and numerous 
adjustm ents were made to  the  census s t a t i s t i c s  a f te r  much resea rch . 
Many f ig u re s  in  the  Tables d i f f e r  from those found in  census sum­
m aries and o ther works o f re fe ren ce , b u t they re p re se n t more 
acc u ra te ly  th e  indigenous population .
About 1755* Dr. Alexander Webster persuaded p a rish  m in is te rs  
throughout Scotland to  count the people. Toe population  o f Orkney 
a t  t h i s  tim e was 23,381. S ir  John S in c la ir ,  a lso  with th e  a id  of 
m in is te rs , showed th a t  in  th e  1790* s the  number was much th e  same 
a t  23,65b. L i t t l e  i s  known o f  the tren d  during th a t  p erio d .
The o f f i c i a l  census re p o r ts ,  beginning in  18.01, a re  o f th e  
same o rd er. A fter 1811 the population  in creased  ra p id ly  and th e  
upward movement was m aintained fo r  50 y ears  % th e  maximum of 32,225 
was reached in  1861. In  the  course o f the f i r s t  h a lf  o f the cen­
tu ry  th e  in crease  had amounted to  9,000 people. A s ig n if ic a n t  
change then occurred. In  1871 the population  was down and, though 
a s l ig h t  in crease  was recorded in  1881, the  d ec lin e  continued. Bp 
1951 the  population  was reduced to  21,173 and the 1961 census 
revealed  a fu r th e r  sharp drop,
The population i s  now f a r  below th e  le v e l  o f  the  l a t e  n ine­
teen th  cen tu ry . In  the  I 850f s and 1 8 6 0 * s ,  the is la n d s  were teeming 
w ith l i f e  compared with today: and signs of th i s ,  in  the  form o f 
ru ined  and deserted  houses, are  v is ib le  everywhere.
I t  i s  im portant to  see these  changes in  p ersp ec tiv e  as th e  
population tren d  in  Orkney i s  no t unique. A rap id  Increase  during
the e a r ly  decades of the n in e teen th  century  followed by heavy 
depopulation la s t in g  in to  the m id-tw entieth  century  has been th e  
experience in  many ou tly ing  reg ions o f G reat B ritain*
The s ic e  o f a community depends p a r t ly  on the numbers o f 
b ir th s  and d ea ths. I f  th e re  a re  more b ir th s  than deaths over a 
c e r ta in  leng th  o f  tim e, th i s  i s  c a lle d  a n a tu ra l In c re a se . A 
n a tu ra l decrease i s  when th e re  a re  more deaths than b i r th s .  I t  
a lso  depends on the numbers of people who leav e , i . e .  em igrants, 
and the number who e n te r  from the o u tsid e , i . e .  Immigrants.
There i s  evidence th a t  a n a tu ra l in c rease  occurred in  the  
second h a lf  of the e igh teen th  cen tury . This was o f fs e t  ev id en tly  
by em igration as the  population  a t  the  end o f  th a t  period  was 
much the  same as a t  th e  beginning. In the  period  a f te r  1811, th e re  
was a s u b s ta n tia l n a tu ra l Increase  which exceeded the  continued 
lo s s  by em igration and consequently the population ro se . This p ro­
cess went on u n t i l  1861, when the opposing fo rces of em igration 
and n a tu re ! Increase  were equally  balanced, and th e  r i s e  in  numbers 
ceased.
Much of the  r i s e  in  population number was a .d ir e c t  consequence 
of growing a g r ic u l tu ra l  p ro sp e rity  and th e  increased  tra d e  from 
f ish in g  and v is i t in g  f ish in g  f l e e t s .  In  the  mid-1800*s lan d lo rd s  
encouraged people to  s ta y  and work on farms and a t  th e  f is h in g .
As f a r  back as 1603, French and Spanish s a i lo r s  were using the 
bays o f Kirkwall and Stromness fo r  s h e l te r .  Im portant trad e  
developed between Stromness and p o rts  of I re la n d , B rita in  and 
North Europe. The Orkney sea ro u te  was favoured because o f the 
freedom from p ira te s , who in fe s te d  the  English Channel in  Jaco b ite  
tim es, and during th e  Napoleonic Nars because o f i t s  d is tan ce  from 
French bases. The North American r ic e  tra d e  was shared by K irkwall
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and Stromness in  the  175>0*s and 1?60*s. However, th is  was sh o rt­
liv e d  as in  1763, a t  the end of th e  Seven Years1 Mar, th e  Channel 
became sa fe  and shipping t r a f f i c  abandoned Orkney fo r  th e  calmer 
w aters of the I s le  o f Wight* Hudson*s Bay Company v e sse ls  c o l­
le c te d  w ater from Stromness from 1670-1891* Many Orcadians worked 
fo r  the  Company on f iv e -y e a r  c o n trac ts  and then re tu rn ed . By th e  
m id-nineteenth  cen tu ry , th re e  v e sse ls  made the  round journey every 
y ea r. About 1760, Stromness began to  supply men and s to re s  fo r  
v esse ls  to  th e  Davis S t r a i ts  and o th e r whaling grounds, b u t by 
1830. whales were scarce due to  o v e r-fish in g  and trad e  lapsed*
The is la n d s  b e n e f it te d  tremendously from th e  upsurge o f h e r­
r in g  f is h e r ie s .  The Dutch and other'.European h e rrin g  f le e t s  used 
the sa fe  anchorage of th e  northern  i s l e s ,  p a r t ic u la r ly  S tronsay, 
u n t i l  the dec line  due to  movement o f the h e rrin g  shoals and over­
f is h in g . H erring f ish in g  ended f in a l ly  ju s t  before the  Second Mbrl& 
Mar, and o ther is la n d  ccmmunities, e .g .  Holy Is lan d  (C artw righ t, 
R.A. p e rs . comm.), as w ell as Orkney, were much a ffe c te d .
However, increased  so p h is tic a tio n  o f a g r ic u l tu ra l  methods 
and d ec lin e  in  f ish in g  in d u s tr ie s  caused mass unemployment and 
in c reasin g  em igration (see la b le  2 ). Between 1861 end 1901 the  
n e t em igration in  a 10-year period  amounted a t  d if f e re n t  tim es to  
above i t ,000, which brought a measure o f r e l i e f  to  the  somewhat 
over-populated is la n d s .
U nfortunately , i t s  momentum was too g rea t and th e  o v e ra ll 
e f fe c t  has been to  reduce the population too  f a r .  Movement from 
the ou ter i s l e s  to  Orkney mainland and p a r t ic u la r ly  the county 
town Kirkwall has caused fu r th e r  decrease in  numbers (see F igs. 2 .£  
and 2.6) . So g rea t has been the  movement in to  Kirkwall and i t s  
environs th a t  almost a th ird  o f th e  whole population  i s  r e s id e n t
in  K irkwall and S t. Ola. She broad trend  o f depopulation i s  p la in . 
Dwindling numbers are ev iden t wherever the l in e s  of communication 
and tra n sp o r t are  lo n g er, and s o c ia l  and economic cond itions a re  
.harder*.
An excess of females in  a community i s  n a tu ra l as women have, 
on average, a longer l i f e  span. Throughout th e  n in e teen th  cen tury  
the  r a t io  o f females to  males was appreciab ly  h igher than in  
Scotland as a whole (see Table 1 ). In  180! th e re  were 128 females 
in  Orkney to  every 100 males, compared w ith 118 per 100 in  Scotland. 
In  1811, the  r a t io  in  Orkney was a t  i t s  peak w ith  129 per 100, when 
the  S co ttish  f ig u re  was 119 per 100* This could be a t t r ib u te d  to  
the absence of men a t  sea and a fu r th e r  reduction  of male numbers 
by em igration. The r a t io  i s  now a t  a normal le v e l and s l ig h t ly  
lower than in  Scotland.
M igrations from th e  younger age groups, w ith v a r ia tio n s  in  th e  
numbers o f b ir th s  and deaths, has produced s tr ik in g  changes in  
the  age s tru c tu re  o f the  popu lation . In 1861 th e  p roportion  o f 
people of 65 and over was 8.3$ o f th e  t o t a l .  In  1961 th e  propor­
tio n  was much h igher a t  1 h .6 f. The tendency o f younger people to  
fin d  jobs elsewhere has a lso  caused a marked f a l l  in  the propor­
tio n  o f young people (see Table 3)*
However, Orkney i s  a v iab le  community o f prosperous farms 
and sm allholdings, producing much o f th e  bloodstock o f B r itish  
b reeding , with the  two main towns o f Stromness and Kirkwall sup­
plying a l l  the  n e c e s s it ie s  and lu x u rie s  of modern l i f e .
TABLE 1 The Population of Orkney, 1788-1961
Time
1788
1790* s  
1801 
1811 
1821 
1831 
181*1 
1881 
1861 
1871 
1881 
1891 
1901 
1911 
1921 
1931 
1981 
1961
TABLE 2 Net Em igration, 1861-1961
In te rcen sa l period  Net em igration
U,190 
2, 1*60 
k ,2 6 0  . 
1*,010 
2,870 
2,280  
1,890 
1,370 
2,700
■ka 20-year period : no census due to  the  war
Population in  % of Age Groups
Under 18 68 and over
1861 1961 1861 1961
33.U 23.7 8 .8  11*, 6
36.1 28.9 lw 9 10.6
TABLE 3
Orkney
Scotland
1861-1871
1871-1881
1881-1891
1891-1901 
1901-1911 
1911-1921 
1921-1931
1931 - 198f
1981-1961
T otal Males Females
23,381 ? ?
23 ? ?
21»!Mi5 10,81(8 13,597
23,238 10,127 13,111
26,979 12,269 1U,710
28,81(7 13,105 15,71(2
30,1(51 13,775 16,676
31,318 1 h , 213 17,105
32,225 114,820 17,li05
31,256 1)4,337 16,919
31,882 1U, 837 17,0U5
30,2104 114,089 16,155
27,763 13,091 114,672
25,791 12,11(5 1 3,61(6
23,933 11,303 12,630
21,993 10,53)4 11,1(59
21,173 1 0,270 1 0,903
18,650 9,019 9,631
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Fig. 3»1 Some a r c h a e o lo g ic a l  s i t e s  i n  Orkney.
HISTORY
In tro d u c tio n
The s p a t ia l  re la tio n s h ip  o f Orkney to  the  r e s t  of Europe 
exp lains the broad l in e s  of i t s  h is to ry  and, th e re fo re , much c f  
i t s  peopling* The h is to ry  o f the in h ab ita n ts  can be d iv ided  in to  
th re e  main phases*
The f i r s t  phase of pre-Morse populations d a tes  from n e o li th ic  
tim es, the  e a r ly  s e t t l e r s  reaching Orkney about 1,000 years  ago. 
Between th e  f i r s t  and s ix th  cen tu rie s  A.D. th e  communities were 
c u l tu ra lly  ^broch* builders*
In  th e  second phase a f te r  co lo n isa tio n  by Horse men, the  
is la n d s  became p a r t  o f  a Scandinavian empire in  the  l a t t e r  p a r t  
of the  n in th  cen tury . Many p resen t day p lace  and farm names have 
c lea r  o r ig in s  in  Norse words, and were obviously in  ex isten ce  by 
a t  l e a s t  l a t e  Norse tim es. This, to g e th e r w ith the su rv iv a l o f 
very few pre-Norse names, suggests widespread Scandinavian s e t t l e ­
ment w ith some replacem ent of e a r l i e r  communities.
The th i rd  phase had begun by 1i*68 when the is la n d s  to g e th e r 
w ith Shetland were annexed to  Scotland as  a pledge fo r  th e  dowry 
o f a p rin cess  o f Denmark on her m arriage to  James I I I .  i b i s  was 
followed by se ttlem en t of Scots from both Highland and lowland 
a re a s , which reached a.peak in  the  seventeenth cen tu ry . The e x te n t 
o f S co ttish  in tru s io n  and su rv iv a l, l ik e  th a t  o f the  e a r l i e r  Norse 
co lo n isa tio n s  can be estim ated through surnames.
P re h is to ric
Orkney contains in  i t s  a rray  of p re h is to r ic  monuments, a v a s t 
amount o f evidence o f i t s  very ea rly  occupation by man. The is la n d s , 
along with C aithness, have in  them some o f the  most ce leb ra ted
n e o li th ic  s i t e s  in  th e  whole o f B r ita in . I t  i s  no t known fo r  c e r ­
ta in  by what means or ro u te  th e  f i r s t  men reached Orkney or what 
language they  spoke. The f ie rc e  A tla n tic  ga les  c leared  the  moors 
of t r e e s  and the  d e fo res ted  lands appear as areas o f prim ary 
se ttlem en t. I t  i s  p o ssib le  th a t  p rim itiv e  h u n te rs , fisherm en and 
food g a th e re rs  found th e i r  way to  th is  northern  ex trem ity  o f 
B rita in  in  the  am elio ra tion  o f weather co nd itions th a t  followed 
th e  g la c ia l  period and long befo re  the  Stone Age people who b u i l t  
the  monuments. No reco rd  o f th e  most p rim itiv e  c u ltu re s  has so f a r  
been found? i f  such ever e x is te d  i t  may have been destroyed through 
th e  encroachment o f the  sea upon the sh o re - lin e , which has occurred 
w ith in  h is to r ic a l  tim e.
Due to  the demands o f an evolving c iv i l i s a t io n  men sought 
beyond th e  chalk lowlands of B r ita in  fo r  f l i n t ,  m etals and p re ­
cious s to n es , Ire lan d  and Highland B rita in  possessed a monopoly, 
and voyages were encouraged by tra d e . This e s ta b lish e d  ro u te s  of 
m igration and encouraged a movement o f peoples. Ocean cu rren ts  
and th e  f is h  and whales which fo llow  formed a n a tu ra l sea ro u te  
from P ortugal and B rittan y  to  Cornwall, the I r is h  Sea, North-Me s t  
Scotland, and over to  the  northern  is la n d s . . I n  th e  wake o f t r a d ­
in g , co lo n isa tio n  spread as more people needed more lan d . Sea 
voyages, on the  whole, were e a s ie r ,  and th e  Journey across the  
Moray F ir th  to  Caithness and Orkney was more p ra c tic a b le  than  th e  
land Journey round th ree  f i r t h s  and in terven ing  mountains.
The f i r s t  in h a b ita n ts  of whom th e re  i s  knowledge were expert 
b u ild e rs  in  s to n e . Few ac tu a l dw ellings have been found, bu t i t  
i s  thought the  e a r ly  peoples were p a s to r a l ie ts  l iv in g  a semi- 
nomadic ex isten ce  in  temporary s tru c tu re s .  However, sev e ra l neo­
l i t h i c  se ttlem en ts  have been excavated, the  most famous being
Skara Brae. I t  seems th a t  th e  in h a b ita n ts  of th i s  n e o li th ic  v i l ­
lage were contemporary w ith the m egalith ic  tomb b u ild e rs  and the  
s tru c tu re s  were dated  to  around 2,500 B.C. to  2,000 B.C.
The appearance o f ‘beaker* p o tte ry  in  more recen t le v e ls  o f 
the  excavations in d ic a te s  e i th e r  knowledge or a c tu a l presence o f 
th e  ‘Beaker* fo lk  who belonged to  th e  e a r ly  Bronse Age. I t  has to  
be remembered th a t  th e re  was a g re a t dea l o f over-lapping o f  c u l­
tu re s  and I t  i s  im possible, as y e t, to  decipher from th e  archae- 
lo g ic a l  evidence the  exact re la tio n sh ip s  between th e  various groups 
o f p re h is to r ic  rem ains.
The t re e le s s  is la n d s  w ith th e i r  wide, sandy, c o a s ta l p la in s  
provide ample p as tu res  w ithout need o f transhumance and i t  seems 
th a t  herdsmen in h ab ited  th e  same s i t e  fo r  generations (C hilde, 1952). 
Ihe s u b s ta n tia l  dw ellings needed fo r  p ro te c tio n  ag a in s t gales and 
frequent storms were provided by stone b u ild in g  using  lo c a l  and 
C aithness f la g s to n e s . Communities appear to  have been ty p ic a l ly  
n e o li th ic  in  s e lf - s u f f ic ie n c y , with few imported m a te r ia ls . Never­
th e le s s ,  the  hu t c lu s te r s  w ith th e i r  a lle y s  and d ra in s  can only 
have been b u i l t  by e f fe c tiv e  co-operation  o f an organised so c ie ty .
The Skara Brae c u ltu re  i s  a c la s s ic a l  i l l u s t r a t i o n  o f the  neo­
l i t h i c  economy. They were e s s e n t ia l ly  p a s to r a l ie ts  l iv in g  by 
breeding sheep and c a t t l e .  The absence of g ra in , querns and 
s ie k le - f l in t s  in d ic a te s  th a t  a g r ic u ltu re  was not p ra c tis e d . Lack 
o f hunting weapons and fish in g  tack le  dem onstrates l i t t l e  hunting , 
although lim pets were eaten  in  g rea t q u a n ti t ie s .
L a te r s o c ie tie s  seem to  have been both p a s to r a l is ts  and 
h un ters w ith some c u lt iv a tio n . They tended c a t t l e  and sheep which 
they  presumably brought w ith them to  Orkney. Bones and te e th  of 
red  deer and w ild boar have been found in  middens, suggesting
hunting . The g ra in  used was very  much l ik e  b a re , the v a r ie ty  o f 
b a rley  which was the s ta p le  of- Orkney a g r ic u ltu re  u n t i l  th e  p re ­
sen t cen tu ry , and I s  sometimes s t i l l  grown.
The course of p re -h is to ry  in  B r ita in  was profoundly m odified 
by a re lig io u s  movement which a ffec ted  a l l  th e  coasts  o f  the  
M editerranean, the  A tlan tic  and the  B a ltic  (C hilde, 1952). I t  
in sp ired  th e  co n s tru c tio n  o f e lab o ra te  tombs to  be used as fam ily 
v a u lts  fo r  in term ent o f th e  dead, In  accordance w ith  a s in g le  
r i t u a l .  I t  i s  believed  th ey  were communal b u r ia l  chambers and 
th a t  they were used over an ex tensive period o f tim e.
The d is t r ib u t io n  o f tombs along th e  co asts  and ra d ia tin g  
from co as ta l p o rts  in d ic a te s  the ro u te  o f th e  re l ig io u s  movement 
and areas o f se ttlem en t. Local divergences from th e  t r a d i t io n a l  
tomb p lans are  found everywhere. Orkney was obviously reached 
much l a t e r  by the  m egalith ic  cu ltu re  so th a t  v a r ia n ts  had tim e to  
evolve. A ll th e  graves found in  Orkney are e x p l ic i t ly  A tla n tic  
bu t o ften  very  mixed (C hilde, 1952). Wo c la ss  o f graves in  Orkney 
form cem eteries, but a l l  s tand  is o la te d . However, th e  number o f 
tombs su rv iv ing  i s  s u rp r is in g ly  la rg e .
Knowledge o f th i s  c u ltu re  i s  based c h ie f ly  on the  excavation  
and in te rp re ta t io n  o f th e  s to n e -b u il t  tombs and dw ellings and 
th e i r  accompanying a r t i f a c t s .
Excavation has revealed  two main types o f tombs or c a irn s .  
A ll have a c e n tra l chamber reached by a low tu n n e l. One type has 
th is  chamber d ivided in to  recesses or * s ta lled *  by la rg e  s lab s  o f 
flag sto n es  p laced v e r tic a lly *  This type in  Orkney i s  rep resen ted  
by graves a t  Midhowe and Yarso on Housay. The second type has 
s to n e -b u il t  c e l ls  opening o ff  the c e n tra l  chamber and i s  b e s t
exem plified in  Orkney, by Maeshbwe. Unstan ca irn  i s  unique In  
th a t  i t  e x h ib its  fe a tu re s  o f both types and produced d is t in c t iv e  
p o tte ry  amongst which are  wide c s rin a te d  bowls decorated  round 
the neck w ith p a tte rn s , g en e ra lly  a sone o f a lte rn a tin g  tr ia n g le s  
executed by deep in c is io n s  or b y  continuous s tah-and-drag  tech ­
nique. A ssociated w ith these  a re  to o ls  and long knives w ith 
polished  edges.
The laeg a lith ic  c u ltu re  was dominated by th e  chambered grave 
t r a d i t io n  and many of the  f in e s t  examples in  B r ita in  a re  found in  
Orkney.
Tee iro n  Age i s  rep resen ted  in  Orkney and Northern Scotland 
by a very  d i s t in c t  so c ie ty  which, while reproducing the  w ar-lik e  
maritime economy o f Cornwall and B r ita in , founded the t Broch' 
c u l tu re • They were s im ila r  to  the  communities o f  Scotland who
v
b u i l t  th e  duns, a c a s t le  designed to  hold th e  household of a p e tty  
c h ie f . The t in y  n a tu ra l u n its  and communal tombs were dominated 
by th e  dun of a clan  c h ie f . A ll I l l u s t r a t e  an economy based on 
farming and supplemented by f ish in g  and piracy# I t  was a s o c ia l 
system o f sm all communfties co n s tan tly  a t  war and ru led  by war 
ch iefs?  an o rgan isa tion  in  fa c t  n a tu ra l ly  adapted to  the  topo­
graphy o f th e  highlands and is la n d s . In te rn ec in e  w arfare was in  
fa c t  encouraged by the Romans in  an attem pt to  subdue the  no rthern  
t r ib e s  beyond Hadrian1s M all.
On the  more f e r t i l e  is lan d s  o f  Orkney, a s im ila r  so c ie ty  
assumed a d i s t in c t  form in  the  bu ild in g  of brochs. A broch i s  
e s s e n t ia l ly  a c y lin d r ic a l tower with an in te rn a l  diam eter of 
25-35 f e e t ,  w ith chambers in  the massive w a lls . The tower, in  
most cases, stood In  an enclosure p ro tec ted  by s to u t ram parts, 
w ith in  which c lu s te red  the oval h u ts  o f  th e  te n a n ts . Mheel-houses
w ith a ttached  so u te rra in s  have y ie lded  a r t i f a c t s  of th e  b rcch-type 
and must have been Inhab ited  a t  around the same tim e. Brochs as 
such developed e x c lu s iv e ly  in  north  Scotland b u t the  masonry sug­
g e s ts  l in k s  with the  Cornish c u ltu re  and excavated a r t i f a c t s  show 
l in k s  td th  G lastonbury c u ltu re  (C hilde, 1952). Presumably the  
spreading was a gradual movement w ith in  th e  evo lu tion  o f the  south­
w estern La Tone c u ltu re .
The population  in  Orkney prospered due to  good a g r ic u ltu ra l  
land  and found an o u t le t  in  c o lo n isa tio n ; broch s i t e s  being found 
in  the  Hebrides and southern  Scotland. From th ese  s i t e s  a more 
r e l ia b le  da te  o f the Broch c u ltu re ’s  o rig in  can be e s ta b lish e d  as 
f i r s t  cen tury  Roman p o tte ry  found a t  G alash ie ls  suggested th a t  
th e  broch must have been stand ing  by 80 A.D. (C urie , 1931-32).
Thus the  broch c u ltu re  in  th e  north  must be much o ld e r, presumably 
d a tin g  to  before the  f i r s t  cen tu ry  A. I).
S ir  Lindsay S co tt (19h7) suggests th a t  the brochs were no t 
c h ie f ta in s ’i c a s tle s  b u t f o r t i f ie d  farmhouses, as in  only s ix  s i t e s  
i s  the  tow ering su p ers tru c tu re  preserved or recorded. In  most, 
only the  ground f lo o r  surv ives and a ram part w a ll. /Whatever func­
tio n  th e  brochs had, P rofessor Childe suggests th a t  the im m igration 
from south-w estern England produced, in  th e  northern  i s l e s ,  a 
b a rb a ric  v ersio n  of th a t  m aritim e, w ar-lik e  and commercial c u ltu re ;  
and th a t  th e  main body o f immigrants were probably refugees from 
the  Belgic in vasions.
The broch c u ltu re  has been asso c ia ted  w ith a people c a lle d  
the  • P ie t s '.  This name has no obvious p lace  in  p re -h is to ry  and 
the  'P ic t i*  were f i r s t  mentioned in  L a tin  sources in  297 A.D. No 
doubt by 600 A.D. a P ic tlsh  realm , as such, embraced N orth-E ast 
Scotland and the  is la n d s . This i s  an area th a t  in  p re h is to r ic
tim es has tw ice been lin k ed  by exclusive  communities in to  a s in g le  
a rch ae lo g ica l province (C hilde, 1952), which suggests than an 
e thn ic  id e n t i ty  was e s ta b lish ed  and l a t e r  gave credence to  a 
P ic t is h  kingdom.
The geographer Ptolemy does no t mention th e  P ie ts ,  b u t they  
are  re fe r re d  to  in  a L a tin  poem o f about th e  same tim e. Unique to  
th i s  cu ltu re  are  the  e la b o ra te ly  carved symbol s to n es , which 
various sources have suggested as boundary s to n es . A g rea t d ea l 
o f everyday l i f e  o f  th ese  unknown people i s  r e f le c te d  in  th e  
c loaks, cha ins, p lea ted  tro u s e rs , beards, spears and ty p ic a l  
square sh ie ld s  th a t  are  carved upon them in  a f in e  n a tu r a l i s t i c  
sty le*  Even the  s tr in g s  o f a harp a re  c le a r ly  c u t in  th e  stone 
and th e re  a re  ifr d if f e r e n t  symbols which a re  echoed on o th e r a r t i ­
f a c ts .  Ogam s c r ip t  i s  found on many remains b u t as y e t has no t 
been deciphered. Very high q u a li ty  carving o f bone and s i lv e r  shows 
g rea t te c h n ic a l s k i l l  and a f in e  a r t  s ty le .  These carv ings, 
to g e th er with a l i s t  o f th e i r  kings ( in  L a tin ) and th e  a c tu a l 
bu ild ings of brochs and asso c ia ted  s tru c tu re s  a re  th e  only h i s ­
to r ic a l  and erch ae lo g ica l evidence of these m ysterious people.
The broch c u ltu re  endured u n t i l  th e  advent o f th e  Norsemen, b u t 
many sources (Br^gger, 1929; S h e te lig , 191*0) suggest th a t  th e re  
was c u ltu ra l  degeneration and a population  d ec lin e .
Recent , / e v i  d e n  c e /(R itc h ie , p e rs . comm.) suggests th a t  
th e re  may have been enduring P ic t is h  houses u n t i l  co lo n isa tio n  by 
the  Norse, and even a m ixture o f c u ltu re s . Further excavation o f 
a P ic tish  house a t  Buckquoy in  B irsay  showed th a t  the  form, even 
though dated as P ic tish  from a sp ind le  in sc rib ed  with ogam and a 
pain ted  pebble, i s  in  fa c t  more l ik e  th a t  of a Norse long-house.
I t  has been reco n stru c ted  with some confidence and appears to  be
an e ighth  cen tury  s i t e  with four rocms la id  out in  l in e .  The end 
chamber has a co rb e lled  roo f and th e  c e n tra l  chamber 3 tim ber-, 
framed roof* The shape of the  main l iv in g  h a l l  i s  curved and 
c lo se ly  resem bles th e  con stru c tio n  o f th e  curving w a lls , stone 
benches and c e n tra l  h earth  o f the n in th  century  houses found 
nearby on th e  Brough of B irsay and a t  J a r lsh o f  in  Shetland* 
Re-examination o f the Broch o f Gurness showed squared houses 
w ith in  the  ram parts. On the  sm all and f e r t i l e  is la n d  of Papa 
Westray, a t  the  Knap o f Howa, a  house la rg e  and oblong in  shape 
i s  c e r ta in ly  no t Viking as animal bones from the  midden were 
dated  around 2,000 B.C. by rad io  carbon techniques. Other P ic tish  
houses may, in  f a c t ,  have been l o s t  due to  marine ero sio n , as 
most known s i t e s  a re  near the  shore .
No excavation shows signs o f v io lence and a t  Buckquoy i t  
seems the  P ie ts  were in h a b itin g  i t  a t  the  tim e of Viking co lo n i­
sa tio n . Perhaps in te g ra tio n  was e a s ie r  than f i r s t  thought as both 
c u ltu re s  have much in  common. Runes and ogam s c r ip ts  a re  based on 
th e  same p r in c ip le  and presumably evolved from wood-carving. 
B u ria ls  of P ie ts  and Norse show s tr ik in g  s im i la r i t ie s  in  the  b as ic  
p a tte rn  and memorial s to n es . The Horse seemed to  have been 
in fluenced  by th e  P ie ts  w ith se ttlem en t s i t e s  around th e  church, 
as shown in  the  name 'K irb is te r*  which i s  found freq u en tly  around 
th e  is la n d s . Wainwright (1962) suggests th a t  th e  Norsemen recog­
n ised  the ex istence o f both the  P ie ts -* P e ti* , and the  holymen 
whom they  c a lle d  *Papar*. I t  has been shown th a t  P ic tish  and 
I r is h -S c o tt is h  a r t  survived the  Morse se ttlem en t and lin g ered  on 
in  l a t e  monuments l ik e  the  Bressay Stone. I t  i s  probable th a t  
churches and holy p laces a lso  surv ived . The Papa names show th a t  
the  Scandinavians recognised the  haunts of p r ie s ts  and herm its ,
and the c o n tin u ity  of C h ris tian  t r a d i t io n  suggests th a t  they  did 
not o b l i te ra te  th e  sacred a sso c ia tio n s  which had grown up around 
them. C h r is t ia n ity  was very  a t t r a c t iv e  to  pagans around th is  
p erio d , and r e lig io n  seems to  be the  only element which th e  P ie ts  
passed on to  th e  Worse.
Scandinavian Settlem ent
The P ic tish  co n trib u tio n  to  the  Scandinavian way o f l i f e  
seems to  have been sm all. They ware no t a vanish ing  race and no 
doubt escaped exterm ination (Wainwright, 1962), bu t they  were 
obviously overwhelmed by th e  sheer weight of Scandinavian co lon i­
s a tio n . The northern  i s l e s  ceased to  be P ic tish  and became alm ost 
ex c lu siv e ly  Scandinavian.
One o f the  g rea t phenomena of h is to ry  i s  the  out-pouring o f  
the Scandinavian peoples from th e i r  homeland in  the  period  between 
th e  e igh th  and the eleventh  c e n tu r ie s . Banes, Norwegians and 
Swedes, though not a l l  equally  advanced towards p o l i t i c a l  u n ity  
were already  recognised as th ree  sep ara te  peoples and colonised  
d if f e r e n t  a rea s . They tra v e lle d  e a s t to  th e  B a ltic  and Russia, 
south to  France, I t a ly  and th e  M editerranean and west to  B r i ta in ,  
I re la n d , Ice lan d , Greenland and even to  N. America. The necessary  
p re - re q u is ite s  fo r  g rea t s e a -fa r in g  expeditions was a  t r a d i t io n  
of seamanship and a high standard  o f sh ip b u ild in g . P ressure o f  
population and need fo r  land  encouraged widespread ex p lo ra tio n  
and se ttlem en t. The sagas t e l l  of g rea t expeditions and archae- 
lo g ic a l  excavation a t  L*Anse aux Meadows in  Newfoundland has 
brought to  l ig h t  a Norse se ttlem en t (In g stad , 1969).
The northern  i s l e s  were geographically  d is ta n t  from cen tre s  
of c iv i l i s a t io n  and Christendom, and la y  on the  l im its  of p re h is to r ic
m igrations. The advent o f Scandinavian co lo n isa tio n  was a forma­
t iv e  period  of th e i r  h is to ry . P re h is to ric  peoples l e f t  monumental 
tra c e s  in  the  is la n d s , b u t th e  Scandinavians made a deeper and 
more permanent im pression than any o th er group*
A rcheological evidence a v a ilab le  a t  p re sen t p o in ts  to  th e  
beginning of the  n in th  century  as the  period  o f Scandinavian 
settlem ent* Evidence fo r  th e  sca le  and in te n s i ty  o f co lo n isa tio n  
comes from a number o f d if f e r e n t  sources.
There a re  b r ie f  re fe ren ces  to  th e  a c t iv i t i e s  of the  
Scandinavians in  the  ch ro n ic les  o f England, Ire lan d , Wales and 
th e  C ontinent; and, in  g en era l, may be accepted has h i s to r ic a l ly  
r e l ia b le .  They give a c le a r  p ic tu re  o f the  impact o f  th e  F ik inps 
on Western Europe and provide a firm  chronolog ical framework.
There are  the  sagas, m ostly w ritte n  in  Iceland  during th e  
th ir te e n th  cen tury  and f a r  le s3  r e l ia b le  as h is to r ic a l  reco rd s . 
Their aim was to  p a in t a v iv id  w ord-plcture o f g rea t men and g re a t 
even ts , r a th e r  than provide m ate ria l f o r  accurate  h is to ry .  The 
•Orkneyinga Saga* i s  devoted to  the Orkney e a r ls  and the  ta le s  
concerning them. I t  provides a f a i r l y  d e ta ile d  h is to ry  of Orkney 
from the n in th  to  th e  tw elfth  c e n tu r ie s .
The th i r d  source i s  a rch eo lo g ica l, e sp e c ia lly  the  houses and 
graves o f the  e a r l i e s t  s e t t l e r s .  From these  and o b jec ts  found in  
them i t  i s  p o ssib le  to  some ex ten t to  re co n s tru c t the  m a te r ia l 
background and way of l i f e 5 and by comparing w ith s im ila r  f in d s  
elsewhere th e i r  da te  o f a r r iv a l  can be deduced. At p resen t, th e  
a rch ae lo g ica l evidence i s  d isappo in ting  and many s i t e s  need 
d e ta ile d  excavation.
The fo u rth  source i s  l in g u is t ic ;  the  study of language and 
p lace names. Tie in te rp re ta t io n  o f  l in g u is t i c  da ta  in  term s o f
h is to ry  i s  a com plicated procedure bu t Dr. Jakob Jakobsen (1897s, 
1936) and Dr. Hugh Marwiek (1929, 1952) have amassed a g re a t deal 
o f evidence. For hundreds of years the people of Orkney and 
Shetland spoke a Scandinavian language, u su a lly  c a lled  Norn, 
which died out in  the l a s t  century . Even today the  speech o f the 
is la n d e rs  i s  f u l l  o f Scandinavian words and phrases, e sp e c ia lly  
in  to p ics  close to  th e i r  so c ia l and economic l i f e ,  such as the 
weather, the  s ta te  of the  sea and a g r ic u ltu re . Such overpowering 
l in g u is t ic  evidence gives testim ony to  the fo rce  and in te n s i ty  o f 
Scandinavian co lo n isa tio n  and such e f fe c ts  would no t fo llow  from 
trad e  con tac ts  or p o l i t i c a l  s u p e r io r ity  alone.
In te rp re te d  with cau tion , p lace  names a r is e  as means o f 
id e n t i f ic a t io n  and as a ru le  rep re sen t l iv in g  elements in  the 
language a t  the  tim e of th e ir , form ation. Though su b jec t to  change 
over long periods of tim e, they tend to  p reserve old words and 
forms long a f te r  they  have passed out of usage. Jakobsen (1936) says 
"every sm all h i l l ,  p o in t, rock, d a le , c l e f t ,  brook, p iece  of f i e ld  
or meadow, bears i t s  own name, and these names, w ith compara­
t iv e ly  few excep tions, have been handed down in  Norn d ia le c t" .  
Warwick (1952) m aintains th a t  the  v a s t  m a jo rity  o f Orkney farm 
names, probably about 99%f are of Morse o r ig in . Some of th e  most 
common and c h a ra c te r is t ic  elements found in  Orkney p lace names 
a re  l i s t e d  on th e  follow ing page (see a lso  F ig . 3-2).
Evidence o f th is  order can only p o in t to  a mass m ig ra tion .
Scandinavian in fluence in  Orkney takes many forms. The an c ien t
arrangements fo r  the p reserva tion  o f law and order, th e  whole
fa b r ic  of lo c a l  government and the economic s tru c tu re  of the
so c ie ty , as revealed  in  h is to r ic a l  documents o f l a t e r  p erio d s,
a l l  suggest "a community tra n sp lan ted  from Scandinavia" (C louston, 
1932).
s° cM x  in  M ssk-
A h ig h ly -s tru c tu red  so c ie ty  developed in  Orkney during th e  
Norse perio d  which d if fe re d  in  sev e ra l re sp ec ts  both from th e  
parent so c ie ty  in  Norway and from o th er Norse co lo n ia l s o c ie t ie s .  
At the  head o f it- stood th e  e a r ls .  These men were h e re d ita ry  
ru le rs  and, as such, were unique in  Horse so c ie ty  as a whole. 
♦Things* or annual councils  were h e ld  b u t th e re  were secondary to  
the power o f  the  e a r ls .  The probable s i t e  fo r  th e  p r in c ip a l Orkney 
♦thing* was Tingwall (th ing-bay) in  Rendall; Bingieshove on the  
narrow isthm us o r ♦aith* between Peerness and th e  r e s t  o f  th e  
mainland may have been another.
Laws in  Norse Orkney were made by th e  e a r l s ,  and around them 
was a bodyguard o f w arrio rs  of noble descent -  th e  ♦bird1. Member­
sh ip  o f th is  body was alm ost the  only way to  wealth and p o s itio n . 
Below th is  sm all fo rce o f picked men, many o f  whom would be the 
e a r l* s  k in , came the  housecarls and below th ese  the  1th ra lls *  or 
unfree se rv an ts .
The e a r ls  had a considerab le  e s ta te  s c a tte re d  throughout the  
is lan d s  and came to  possess many p ro p e rtie s  on the  S co ttish  main­
lan d , m ostly in  C aithness. Their income came from the *bus* or 
main farm, o th er farms and taxes p a id  by th e i r  su b je c ts , u su a lly  
in  k ind . They were e n t i t le d  to  c a l l  upon th e i r  su b jec ts  to  man 
sh ips fo r  the  defence o f Orkney and fo r  ra id in g . The e a r ls  l iv e d  
in  two p r in c ip a l resid en ces , on the Brough o f B irsay  and in  
O rphir, and from time to  time travelled , round th e i r  p ro p e rtie s  
and stayed a t  th e i r  *bu* farm s.
Beneath th is  a ll-p o w erfu l u p p er-c ru st o f w arrio r so c ie ty  
came th e  m ajo rity  o f Orkney fo lk . In  f a c t  the  m a jo rity  of th ese  
were probably a m ixture o f the  indigenous P ie t population  and th e
poorer Norse s e t t l e r s .  They probably took the name of th e  d i s ­
t r i c t  or farm or landowner w ith which they  were connected, which 
presumably was Norse by th a t  tim e. This may account fo r  the  l a c k  
of P ic tis h  names and the  preponderance o f Norse names in  Orkney.
The backbone o f r u ra l  so c ie ty  was the 1odal* farm er. Odal 
fam ilies  held  th e i r  land  on abso lu te  freeh o ld ; however, they  had 
to  pay a sum to  each new e a r l  a t  h is  accession  fo r  the  reg ran tin g  
of th e i r  odal. Land became odal a f te r  passing from one generation  
to  th e  n ex t, bu t i t  could no t be used as the  payment fo r  blood- 
money or a dowry u n t i l  i t  had passed through s ix  g enera tions.
At h is  death , an o d a l te r 's  land  was div ided  among h is  sons 
and, a t  a l a t e r  s tag e , i t  became customary to  give daughters 
h a lf -sh a re s . This system o f repeated  subd iv ision  worked w ell as 
long as farms remained la rg e  and th e re  was p le n ty  of spare land  
from which a sm all in h e r ito r  could supplement h is  share . But, 
when coupled with continued population  growth and a l im ite d  sup­
p ly  o f c u ltiv a b le  lan d , the  system ev en tua lly  le d  to  a mosaic o f 
sm all p lo ts ,  the farming o f which became le s s  economic.
The so c ie ty  so f a r  described  was ch a rac te rised  by th e  wide 
gap between e a r l  and people. In  the time o f  E arl Thorfinn a new 
c la s s  of best-men o r 'godings* was e s ta b lish ed  who f i l l e d  t h i s  
gap. They were reg io n a l ad m in istra to rs  and defenders o f the  earl*  s 
widely s c a tte re d  e s ta te s .  In  the tw e lfth  cen tury  the  'godings* 
and th e i r  fam ilie s  developed in to  a powerful c la s s .
Orkney's lead ing  men liv e d  in  considerable s ty le  bu t they  
remained farm ers and fisherm en who worked alongside th e i r  men. 
Raiding was a u se fu l supplementary source of income and th e i r  
l iv e s  followed an annual p a tte rn  o f sowing, ra id in g , heme fo r  th e  
h a rv est and then ra id in g  again u n t i l  th e  w in te r .
The church gained power and in flu en ce , with chapels and 
churches sc a tte re d  throughout Orkney, end he ld  a l o t  of proper­
tie s#  With th e  advent o f Bishop William in  the  tw e lfth  cen tury  
the  church prospered as never b e fo re . The canonisa tion  o f  B ari 
Magnus in  1136 was a  shrewd p o l i t i c a l  move o f  th e  bishop, as 
probably was the  m agnificent ca th ed ra l to  venerate  Orkney's new 
s a in t .  For th e  financing  o f the  g re a t b u ild in g , i t  was announced 
th a t  the  o d a lle rs  would be excused th e  payments which they  would 
be expected to  make to  a l l f u t u r e  e a r ls  a t  th e i r  accession by a 
o n c e -fo r-a ll  co n trib u tio n  to  the  ca th e d ra l. That many were able 
to  do th i s ,  and th a t  the f i r s t  p a r t  of the  ca th ed ra l was b u i l t  
and consecrated before 115b, are  c le a r  evidences fo r  the  p ros­
p e r i ty  of Orkney a t  th i s  tim e.
S co ttish  Settlem ent ■
U nfortunately , Orkney lapsed  in to  a period  of is o la t io n  and 
o b scu rity  as the high q u a lity  o f a few lead ing  men, and member­
sh ip  of a fad ing  empire based on th e  m astery of the north  s e a s , 
d id  not la s t*  This was in e v ita b le  as soon as th e  northern  sea 
lan es ceased to  be im portan t. The odal system d iv id ing  th e  lan d  
d id  no t h e lp . In only a few generations Orkney became a country 
o f sm allholders and ten an ts  o f the  growing e s ta te s  of the e a r ls  
and the  church.
G radually the Norwegian crown l o s t  the  power to  in flu en ce  
th e  events in  Orkney and, a t  the  same tim e, th e  S co ttish  in flu en ce  
was growing. From the year 1230 a l l  the e a r ls  of Orkney were 
Scots and S co ttish  se ttlem en t was gathering  momentum a t  th i s  
period .
In  1L68 the r e a l i ty  o f Orkney's p o s itio n  in  th e  p o l i t i c a l  
s itu a t io n  was f in a l ly  acknowledged by the  t r a n s fe r  of the  is la n d s ,
to g e th e r w ith Shetland, to  the Scots crown# The so lu tio n  took th e  
form of a m arriage se ttlem en t between King C h ris tian  o f Denmark 
and James I I I  o f  Scotland# A sum o f money was to  be paid  immedi­
a te ly  and the  r e s t  was given in  the  form o f a pledge o f Danish 
ro y a l r ig h ts  in  the n o rth e rn  i s l e s  which, in  f a c t ,  has never been 
redeemed# King James immediately made h im self E arl of Orkney and 
appointed tacksmen to  adm in ister the e s ta te s  as they  saw f i t#
The ancien t Norse laws were form ally  confirmed by the  Scots 
parliam ent in  1567 and in  156b Lord Robert S tew art, i l le g i t im a te  
son o f King James VI had obtained a h e r i ta b le  g ran t of th e  Orkney 
earldom and th e  o f f ic e  o f s h e r i f f  from Mary, Queen of Scots. His 
appointment ushered in  the d arkest period  o f Orkney h is to ry .
Robert and h is  son, P a tric k , were ty ra n ts  who ex p lo ited  the  
land and th e  people fo r  personal gain . P a tric k  was a rre s te d  fo r  
treason  in  1609 and an in e f fe c tu a l  re b e llio n  in  Orkney was p u t 
down su c c e ss fu lly  by George, E arl of C aithness. This marked th e  
end of Orkney's is o la t io n  and the  is la n d s  became an in te g ra l  p a r t  
o f Scotland, and the  fu tu re  of the people was c lo se ly  bound w ith 
p o l i t i c a l  and economic events in  Scotland.
Orkney was remote from the  cen tres  o f development in  
Scotland, but i t  was w ell-p laced  to  b e n e f it  from any commercial 
a c t iv i ty  involv ing  th e  northern  sh ipping  ro u te s . I t  was s u ita b le  
as an advanced base fo r  voyages in to  high la titu d e s ..W h ile ' i t  
l a s te d ,  such tra d e  brought much p r o f i t  to  Orkney bu t i t  had, of 
course, no n a tu ra l b a s is  and th e re  was no la s t in g  b e n e f it  to  the  
i s la n d 's  economy.
In the  e a r ly  seventeenth cen tu ry , Scotland was s t i l l  a 
medieval country -  in  modern terms i t  was a c la s s ic  example o f an 
under-developed community. The l o t  of most of the people was
grinding  poverty , and famine was a constan t th re a t  over la rg e  
a re a s , e sp e c ia lly  in  the Highlands and Is la n d s . Farming, p rim i­
t iv e  a t  th a t ,  was th e  economic m ainstay o f th e  people. In d u stry  
was p r a c t ic a l ly  n o n -ex is ten t. Communications were extrem ely ru d i­
mentary and la rg e  p a r ts  of the  country  were in ac ce ss ib le  a t  
c e r ta in  tim es o f th e  year due to  snow, flooding  and storm s. 
Government was conducted on feudal p r in c ip le s  and such tra d e  th a t  
ex is te d  was monopolised by a few t in y  Boyal Burghs, and o u tsid e  
th ese  cen tre s  th e re  were n e ith e r  v i l la g e s  nor towns. K irkw all, 
th e  county town o f Orkney, was a Boyal Burgh and, th e re fo re , under 
Scots law possessed complete monopoly over trad e  and c r a f t s  
throughout th e  is la n d s .
Nhen a t  l a s t  Scotland began to  modernise i t s  economy and 
in s t i tu t io n s ,  most o f the  reform ing id eas and p ra c tic e s  took ro o t 
f i r s t  in  the Lowlands, so th a t  Orkney became more remote and back­
ward. Improved farming methods were applied  f i r s t  in  such coun ties  
as the Lothisns and Berwickshire, and many of the new p ra c tic e s  
were no t in  any case app ropria te  to  contemporary cond itions in  
Orkney. In d u stry , when i t  came, needed co a l, end th e  is la n d s , 
being devoid o f m ineral reso u rces, could take no p a r t  in  the  new 
developments.
Orkney lan d lo rd s , r e a l is in g  th e  importance o f 'k e lp 1-burning  
encouraged th e  in d u stry  and ten an ts  neg lected  th e  land to  work 
with th e  seaweed. The resid u e  l e f t  a f te r  burning produced io d in e , 
and soda which was used fo r  making g la ss . P ro f i ts  were consider­
ab le . However, when the in d u stry  f a i le d  in  the  l a t e  n in e teen th  
cen tury , th e  la rg e  population encouraged by the lan d lo rd s had to  
find  a l te rn a t iv e  work and many eased the  s i tu a t io n  by em igration .
a Farm house
L— Farm boundary r . - j - ' V '  Y .; •• •’
Duter lim it of
5KATTED PROPS x,
E c 0 •< 1
Uncleared land
.The spread of settlem ent as in te rp re ted  from 
place-name elements.
(a f te r  Marwick.)
Ever s in ce  Norse tim es, and probably lone b efo re , the  
country people of Orkney have liv e d  in  sm all, d i s t in c t  communi­
t i e s  c a lle d  H uns’ . The name i s  Norse in  o r ig in  and the  Hun*, 
•tunship* o r town has p e rs is te d  in to  modern tim es. They had th e  
appearance of is lan d s  o f se ttlem en t and c u lt iv a tio n  s e t  among the  
moorlands. Many tunsh ips were f e r t i l e  c o a s ta l enclaves s e t  between 
sea and h i l l  (see Fig 3 .2 ).
O rig in a lly  the  Norse-founding fam ily  o f a tunsh ip  liv e d  a t  
i t s  head-house o r ’bn* and most o th er members of th e  tunsh ip  com­
munity were r e la te d  to  i t .  Many would have th e  name of th e  tun­
sh ip  as th e i r  surname. L a te r , th i s  sim ple p a tte rn  was d isru p ted  
by the incoming of Scots s e t t l e r s  and even more e f fe c t iv e ly  by; 
th e  exp ro p ria tio n s o f Stew art tim es. The Scots changed th e  charac­
t e r  o f the o ld  tunsh ip  community in  a fundamental way by tra n s ­
forming the  independent o d a lle r  in to  a te n an t. Thus, th e  group of 
houses and f ie ld s  which co n s titu te d  a tunsh ip  in  the e ig h teen th  
century  probably looked much as i t  had done in  th e  tw e lf th , bu t 
the s o c ia l  s tru c tu re  was v a s tly  d i f f e r e n t .  Each farm held  a com­
p ac t block o f the Hoomal*, th e  b es t land  in  th e  tu n sh ip . Outside 
th ese  toomals were a rab le  f ie ld s  c a lle d  * sheads1 which were 
div ided  in to  a g re a t number o f s t r ip s  o r r ig s .  Because the 
q u a li ty  of the  s o i l  in  these  f ie ld s  was v a r ia b le , the  r ig s  were 
a llo ca te d  in  tu rn s  to  the  farm s. The whole arrangement o f  i n t e r ­
mingled s t r ip s  was termed * run-rig* . The tunsh ip  was enclosed by 
a dyke o f t u r f  and stones about th re e  f e e t  h igh. This sep ara ted  
i t  from the moor which was used in  common by the small community 
fo r  grazing and p ea t-d igg ing .
About 1760, the f i r s t  attem pt was made to  rearrange the  tu n ­
sh ip  land  in to  more convenient u n i t s .  This f i r s t  ’planking* o f
th e  land  removed th e  ancien t ru n -r ig  system over much of Orkney 
bu t f a i le d  to  rep lace  i t  w ith anything b e t te r ,  as every farm er 
wanted h is  sh are  o f good land  and th e  r e s u l t  was a s im ila r  p a t ­
te rn  o f f ie ld s  and s tr ip s*  Heal improvement had to  w ait u n t i l  the  
middle of the next cen tury  when a second planking was c a r r ie d  out 
and th e  land  divided in to  compact and v ia b le  farm units*  This was 
done by the lan d -lo rd s  who could finance th e  reform ing id eas  from 
th e  sou th . The modern landscape of r e c t i l in e a r  f ie ld s  mainly 
d e riv es  from th is  second p lank ing , which was to  be a  major foun­
d ation  fo r  a l l  subsequent a g r ic u l tu ra l  advance in  the is la n d s .
In  th e  tu n sh ip s , a g r ic u l tu ra l  p ra c tic e s  were extrem ely 
p rim itiv e  and r e l ie d  upon th e  use o f la rg e  numbers of low-paid 
workers* Two crops were grown almost ex c lu s iv e ly , oats  and h e re , 
w ith  no proper crop ro ta tio n .  There was no d ra inage , f ie ld s  were 
f u l l  o f weeds and the  q u a li ty  o f g ra in  crops had no t improved 
since  n e o li th ic  tim es. L ivestock were o f low q u a li ty  and shortage 
o f  w in ter feed , such as tu rn ip s , made i t  im possible to  keep more 
than a minimum of b e a s ts  through the  w in te r months* L iving con­
d it io n s  were somewhat p rim itiv e  w ith sm all c ro f ts  of one Gr two 
rooms to  lodge both the  fam ily  and th e  liv e s to c k . D iet was 
monotonous r a th e r  than Inadequate, and in  years o f bad h a rv e s ts , 
f is h  and s h e l l f i s h  supplemented o a t-  and here-m eal as in  neo­
l i t h i c  tim es.
The various d i s t r i c t s  and is la n d s  were extrem ely is o la te d ,  
p a r t ic u la r ly  in  bad w eather. Travel was q u ite  unorganised, and 
few is lan d s  had p ie rs  u n t i l  w ell in to  the  n in e teen th  cen tu ry . 
Orkney as a whole was very  iso la te d , w hile many o f the  rem oter 
d i s t r i c t s  formed sm all inbred  communities having l i t t l e  to  do 
w ith the  r e s t  o f  Orkney.
Modem Orkney
Considering the p rim itiv e  cond itions and slow change o f 
e a r l i e r  c e n tu r ie s , i t  i s  somewhat remarkable to  f in d  th a t  by th e  
end o f the n ine teen th  century  Orkney was one o f th e  lead in g  farm­
ing  counties o f Scotland. One immediate cause was th e  co llap se  
o f the  kelp  in d u s try . Due to  cheaper im ported m a te ria ls  th e  p r ic e  
f e l l  from £15 o r £20 a ton  to  a mere £5 -  about th e  c o s t o f p ro ­
duction and sh ipping . Kelp working had d iv e rte d  both labour and 
a tte n tio n  from farm s, which were badly  n eg lec ted . The e s ta te -  
owners had to  f in d  a l te rn a t iv e  ways o f  making th e i r  p ro p e rtie s  
pay, and many opted fo r  a g r ic u ltu ra l  improvement. Ideas from the  
south ..ware'.'slowly adopted and the  n a tu ra l ly  f e r t i l e  s o i ls  
increased  production with the  b e t te r  techniques o f modem farm­
in g . The in creasin g  s iz e  and demands o f to m s  in  the south gave 
Orkney a g ra in  market which had n o t e x is te d  b efo re .
Orkney prospered w ith a g r ic u ltu ra l  so p h is tic a tio n , and crop 
production, liv e s to ck  and p o u ltry  increased . The standard o f 
l iv in g  ro se , a ffec ted  by the C rofting  Acts, and Orkney became a 
county of independent farm ers. Communications Improved ■■with the  
advent o f steam ships and aeroplanes.
However, even a f te r  th e  d is ru p tio n  o f two world wars, w ith 
th e  B r itish  Navy s ta tio n e d  in  the sa fe  anchorage o f Scapa Flow, 
the Orcadians have a s tro n g  sense o f  id e n t i ty  and provide an 
example o f a d is t in c t iv e  ru ra l  community iso la te d  from the  r e s t  
of the  B ritish  I s le s .
There i s  a g re a t deal of s o c ia l in te g ra tio n  with numerous 
p a rish  a c t i v i t i e s ,  a good educational s tru c tu re  and a f in e  t r a ­
v e ll in g  l ib r a r y ,  as w ell as the w ell-stocked  l i b r a r i e s  o f Kirkwall 
and Stromness# More books are read  p er head than any o th e r county 
in  Scotland (M acGillivr ay, p a rs , comm*).
The Orcadians are p leasan t and f r ie n d ly  people, and w ise ly  
are  tro u b led  by the  newest invasion  o f th e i r  is la n d s  - . t h e - o i l  
companies and a l l  th a t  goes w ith th is  th rea ten in g , bu t new- 
founded p ro sp e r ity  fo r  Great B r ita in .
■If.
Examples o f Orkney Farm -Itoes
Old Worse Meaning ■ Farm-Wame .
b o ls ta o r farm B im bister, B raebuster, 
I s b is te r
s e t r bouse, homestead S c a tte r , O rim setter, 
M elsetter
bprg f o r t i f i e d  sit© Berwick, Burray, Berwick
s k a li v ik ing  b a l l S k a il l ,  B ackaskaill
kv i enclosure fo r  c a t t l e Gumlaquoy, Mossquoy, Quoys
garor enclosure E r r ig s r th , S u rrig a rth
brekka slope , h i l l M ndbreck, Linnabreck,
Brack
k l e t t r fo ck , c l i f f C lea t, C le t t ,  L in k le t
ey . . . is la n d Eday, Sanday, Ronaldsay
eio isthmus A ith , A ithdale
ness promontory Quoyness, Deerness, 
Elsness
bU e s ta te ,  homestead Bu (sev e ra l farms o f t h i s  
name)
vagr creek , bay K irkw all, Honaidsvc©
vik bay, i n l e t Rackwick, Berwick, Elwick
haugr h i l l ,  h i l lo c k , mound Maeshowe, Midhowe
holmr sm all is la n d , low 
ly in g  ground Holm, Lsmbholme
p e t t r ,  
p e t ta  (p i* ) p ic ts P ettadalo
(0*H* d a lr -d a le )
papae . S c o tto -I r is h  p r ie s ts Papdale, Papley,
Papa M estrsy -  Is lan d  
o f the p r ie s t s
&Many are  a lso  surnames and place-names*
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DERMAL RIDGES -  GENERAL CONSXIHMTIODS, 
.;' '•CLASSIFICATION AND INHERITANCE : :
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D eta ils  o f rid g e  s tru c tu re  
(H olt, 1968)
-rudimentary 
ridge
8
enclosure
RIDGED.SKIN
; The study o f .ridged skin -is- c a lle d ' dermatoglyphics (derived 
.. from dertn?. ~ skin 'and rlyphe -  carve)*- The. t a ro - '.is '-a lso  used a s -s , . . 
c o lle c tiv e  nave fo r a l l  t h e .features- of ridded sk in .
Ridged skin occurs cn the  .palms and s o le s 'o f  a ll ,  p r iv a te s  . 
•including '-men, and i s  -very d i f f e r e n t '; from- th a t covering o ther p a r ts  
,.o f th e  body.. The t a i l s  of c e r ta in  monkeys and the  paws o f some -mam- ’ 
mals o ther than prim ates a re  ridged . However, • in. no- .other group then." 
prim ates i s  the v o la r  s p e c ia lis a tio n  c o n s is te n tly  .'present.-' I t  i s  
continuously- corrugated w ith narrow ridges and th ere  are no h a irs  .or' 
sebaceous glands. Sweat.glands are 'abundant and of .r e la t iv e ly  la rg e  
s i 55e with pores s itu a te d  along th e  .crests', of the rid g es  (see  F ig . 1 .1 ) .  
. Nerve endings In these areas are. p le n t i fu l  and serve the .sense of . ..
. torch* The e x te n t .o f ridged sk in  Is., em phasised'in ' negroes- a n d o th e r  
- 'dark-skinned peoples by reduced n im en ta tion*
Functions of the  r id g ed .sk in  appear to  be assoc ia ted  w ith the  
p rehensile  use of hands, f e e t  and ta i l . .  Corrugations .tend  to  prevent 
s lip p in g  both i r  ..locomotion. and grasping,. pncl th e ’abpndar.ee of = sweat . 
glands and.nerve endings on the  r id g es  •-would, th e re fo re  s ’eemgtogbe'a'.-v 
very  im portant fac to r. In .prim ate' e y r lr tv ; p. .... -. ; • •.
In man, the  s i 'i r  r-f the e n t ire  palm ar’and./plantar s u rfa c e s* -a s . . 
w ell as f in g e rs , to es  and t h e i r ' t i p s ,  i s  ridged and can be seen with, 
the ' naked eye. The arrangem ent.of the ridges can he -studied w ith low 
power m agnificat"on from p r in ts  c r  im p ressio n s .of the  necessary  a reas . 
Using the F leenprin t paper method the ridges appear as dark l in e s ,
.while the grooves, flew?on creases and skin fo lds are umpipmented •
(sec F ig. U.2).  In a .rood p r in t  Ih e  sweat pores-- con - be. seen as w hite 
dots along the r id g e s . ■ . - ■
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Items! rxdres.;have - various, character -st ; es which. make them . 
an important factor in the study cf: hunan biolory and pcpnlstl.cn . . 
p ene tics . \  y\
' i) Unli! ce some b ie lc y ie s i •t r a i t s  p a tte rn  types a r e - n o t ' I '  
a ffec ted  b>% t h e •environment ' throughout .postnatal • l i f e * . 
nor developmentslly. by a re . 
ii) D etailed  s tru c tu re s  of •.Individual ridges are extrem ely  
..■•variable*
Id) Although patterns formed by the r i does vary in sise, shape ' \ 
m d  detailed s tru c tu re  they can be "classified ,:intd.f several . ;:
' main types (see F ir s .  I4..U“l4-•
' Ridfe d i f f e r e n t ia t.i on te le s  r i m e ' r n the  foetus duronr ;the  th ird  
and .fourth worths of. 11 fe . -The - i r i t i  s i  s 4s r e : bo~ins Vhen the  hand i s  .-■■■•■■ 
approximately 3*5 mu i n ' le n r th  rad h  owyfleted-when ap p rcx in a te ly  
15.6 mm lo ry . A fter th is  time th e re  seems, to  be no chance in p a tte rn  
d u rin r the period  of in tra -u te r ln s  growth, although- occasional .secoh- 
'dary ridges occur in the  f i f th  and s ix th  months. The dermal - p ap illa e . • 
■’develop 'during  the seventh month.by which time the  epiderm al;rid g es  
are  . complete- in emery resp ec t (Hole 1 ^ 2 ) ,
As dermal r  'dpe patterns are .deteminad. in early festal l i f e ,  ' 
they supply records of any growth disturbances taking place 'a t  the  . 
tim e. It i s  well es tab lish ed  that sr.ch d lstu rbances cause m odifica­
tio n s  of r id re  arrangements (Penrose, 1 lii9a). Palmar p a tte rn s  ere 
se n s itiv e  indi c« tcrs  of developmental anomalies (Penrose,- 19li9b)*- 
. I t  i s  known too- th a t r id  re  p a tte rn s  .sbc-w s i  rn if le a n t d is to r t io n s  in 
cases c f  chromosomal abnorm alities. 9. p. the  lOGll-recocni.ced palm- 
print of Down*s syndrome (H olt, 1951b)
Fig . li.3 P r in t showing e f fe c ts  of sca rrin g  
(H olt, 1968)
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Fnvir-ininentai - f a c to r s : can only have e f fe c t  in  the u te ru s  during, 
the period nf ridge; form stien . Throughout l i f e  no, developmental 
changes recur .e ith e r . in  the  'd e ta ile d ’■■structure of the  ridges o r . in  . .. 
•the. rid n e  p a tte rn s . The only .-.chan yes are these, in  s i^ e , ...the growth... ■ 
c f  the rid g es  .keeping .pace .with th e . prcwtv-' of .hands and 'fe e t, .-.':
Permanence c f  the  ridne  'ccnfi^uratiers t?as-' f i r s t  demonstrated- m.' 
s c ie n t i f i c a l ly  by S ir  Francis Galt.on (1892). Be used tw e s e ts .  o f  
p r in ts  from f if te e n  -people, the  second s e t  having  been, taken .many-, 
years a f te r . th e  • f i r s t . -  In tervals-betw een s e ts io f  p r in ts  ranged from .
• twelve .to  th ir ty -o n e  years.-G alton .em phasised  in a l l  cases th a t  th e  :
' form 'c f  the p a tte rn s  and. d e ta iled , s trre trr .f i remained uncharged.
In ju r ie s ’ to  the skin  may a f fe c t  a l ip rp e r t  .of r '.d res  /sometimes 
tem porarily  or to ta l ly  depending o n 'th e  depth; ofyinjury.- Fears a r e .. 
formed' which re s u l t  ir? permanent d is to r t*  m . nA deep clean cu t leav es  : 
a permanent th in  mark across the r id g e s , sometimes with'cdt any-accom­
panying puckering, but th e re  i s  o ften  ck splacement of .th e  rid g es  on 
both s id es  of i t ,  e re c t ly  l ik e  a f a u l t  ir. s t r a t i f i e d r e c k s .  A cu t,. • 
or o ther in ju ry  th a t  i s  not a .c lean  in c is io n  leaves, a scar-w ith  
p jekerings on a l l  sidesV m a V in 'tb s • r 4dyes th a t  p o in t indecipher­
ab le , even i f  i t  does not rh o ll- - -u b lite ra te  . th e y .t! (G alton,11892)
(see F lo , U.3).
D etailed  s tru c tu re  cf in d iv id u a l d e r m a l . r  ■ does-’'.ra 'rias g r e a t l y  with 
such i r r e g u la r i t ie s  as branch < nr (b ? fu rc a t ' ors) 1 enclosures .'(when' 
two branches r e jo in ) ,  -short r idges and is la n d s  (see Fir.. U.1). Even .
. the d e ta i ls  of a small area of ridged skin are not repeated  e i th e r  
in  the  same ind iv idual or in  n d i f f e r e n t  one. Trie r ig h t  and l e f t  pains 
of one nerocr are never e re c tly  a lik e , w hile t h e .dermatoplyphic fe a -  . 
tu rn s  of mohrcyrotl.c twins are never id e n tic a l ,  although resem blances 
are often s tr ik in g  (H olt, 1963). c _.
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■ .Hidre'carft gyretlore' mo -xle tend-rod pertly by•hercdl t y  arm 
partly by . emfrecentfl. I- am which .produce stress .?r>d tension .
;. ir f?rrHtb darinr fcet-V XI fr . dii:froreati ;■?! / r r/7f';r:ofyoih. produces . 
characteristic ,irror 1 *  it'n '’“ the fa re of .-Hards ra-feet Is 
' reapereibis -for the ^cr'rblc clifnecet o f  r Jdres (Oire/dt-sy 1926). 
Configurations c.cc^r the velar , pads *.?bieh are: cress of difforer?-.• 
■ti&L growth'-on the'foetal fingers* These borin i- subside early in 
the fourth r ‘rth. ,.If;.subsidence" is ir^ let© before ridr® forrsaticn 
begins v a pattern rssrlts (Cr.Ted.ns, 1/29), Patterns * therefor®, • occur 
In do fin n easy-;f the ocl/t. sole and digits, and'.os euoh a m  be 
-tssed to r e oiffersrt'prints cvr .pro-rye of /pints.
P a tte rn  tfp e s
TENTED ARCHSIM PLE ARCH
LOOP WHORL (SYMMETRICAL) J
■ •■I
S P IR A L  WHORL
6 7  ■'
; , 'y w i ' .
• The Henryvsysien 'of, o le s s l f ic a t io r  >ncl ■nomenclature to  nore .
m dely  ossd than any o ln-r . In tu ‘s ^ n n n l n  pijttsrn-
types: " arches p . loopsf trite odicrlo a tx l-m m osites. : • yi ' ' V ' f  ;//
’■ Types 'of Petfrerra (see T-e. h'-k f>md T i m  U.5>) ■ t ■
- ' 'Arch — s ' p la in  .arch Is. ccrtpc?s.G3'-p f r id g e s  whicV f la ?  'acro ss  "tbe 'T f
f in  per n lth  n . s l i r h t  d i s t a l  bom Toe re is  m tr ire il  T s ,  
si) Tented Aron -  This pa ttern  hm a i r i r e d lo s ,  located' n  or near- v :
the ;nid-oo<:‘ of. th e .d i r l t  the erect. n T t r l  reliant-' i s  • nssocl eted ■ v
vi*h abrupt, e l o n t  T n of •'the t ''** "c ■* T * c r ^ ' ch  -rives
; \. ,-tns nor'o in the '.patterrr.-.-'■■ "nr • - ' * “a ' **-<•-. - ir, tri--
■radi i  sit-nftpte. s r n l l  '.loops n r  r_no* ' r  * r ln .  Hcrer*'**,'.-they*
ore d is t iny dsn ed  TroT then by l i e  me Tof  m ridre ' coont. ■ ' f "  ’.d;'"-'
- ill). Loop ~ The Xqqp possesses only ore irirs.dins,.- Tfro-'ri'dfres' curve ' ' o f f
■ srennd cne ex trem ity  of  '.the p a tte rn  fprrair.jp the bend, of th e  loop ■ 
end th e n  .f).<i-r t o  th e  reary-in o f  th e  d i p i t  and .e re  d e s c r ib e d  as  open*'
-.If-the! cor "pens to the v l m r  r\srrir/ (cjrlittle..finper) -it is an 
of ,.v olner leor, one If to thn r^drel, oerr-'r (cp-tnTcb),.Lt. ?.s a’.rsdlsi
. t^loop. T n: be erect'.- io; line ...yotb-too .dtriteTnr is* or eX*rr:ed :
' ■•'■ f  o b l tp n e ly  o r  t r a n s v e r s e l y # ' - ■ •- .-T /T  .• -.1., :■■■■■:' f o f ,
' &) Tree i-^ hc-rls « Tree tf oris' typlesllT r-^c^s-tTro trlrsTn... and. ere T 
so constipated that the c h a ra c te r is t ic  r?<5ps courses fo lio rr  eir**
. colts armnd the cere* A frequent e-nf! n-ratl <n is n succession f--
of rings?' cr ellipses. Another ccroor Prrnrre-ent' :!s a'spiral : ’■-
■'course with c cloehniso or. snti-elcclvdsc 'direction* • In sc:-te whorls 
' & part of tho' pattern- preo nay be truly concentric end another part 
• spiral* The 'core .'of vmmTh-orr:fern; ho T' vnr'rvs /Vo- s are!- -there . /
. . -are vide differences in the eetool'pm:)nnso of the pattern - area, ' f  ••
' ■ ■ " ' ’ - - : f  ' ’■ ' . o f  ' f  V-
Fig. 4.5- Pattern $ypea. tactual prints.;
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lateral pocket. 1 p(ulnar) 
from second digit on left hand.
central pocket loop (ulnar) 
from third digit on right hand.
central pocket loop (radial) 
from second digit on right hand.
ybor 1 patterns as c r - l p V n l e  Oel lords lyres nil 
•whorls* In nil classiHcnti w-p thcy arc .treated. cnsentl ally 
as whorls* i.e. having- two er n r- lr*’rd-H, -
1); A central'pocket loop .in http cV^r^terlstie fern (pee Fig* ,U.£)'
. is essentially- a -whorl- of rodeoed else .IHtic in' the interior •’ 
of o yatterrt >.rse;whj eh is- constricted osir.ly is a loop, This, 
is an-intermediate ;patten r~tween. a whorl and. a loop'-.and .can 
be described as radial er nlrar 'd**pe?r!inr or the direction. of . 
the extremity of the -loop,- : •. ’ - - •"
2)- - A ■ lateral fxel-et. 1 *-nr is elc-sely m i  -ad in fart’ tc : & .tmtmcd "
. laop  bi-4 can -renalIp ;by d c s tin m  ?. shed* wirr ][ir.ee tra ced  ■ ■
from the two cores emerge on the sans d ig i ta l  r ^ r r !  i the - con*
. fj.p i'raiton  i s  a l a t e r a l  vm-clct lc~p, w hile a tvirm sd loop has ■ . 
cere  l in o s  ■flowing tc  opposite rrrrgisis* The. la te r a l 'p o c k e t  
locp  can be-'rad ie l o t '- r lr s r*
3) Cenpoeitoc are complex patterns formed bp corMnatien of two 
or worn e so ally unrelated cor- flaprati on t'.-ras. -inner are
‘ yisraXXy aerr rare.
Another feat'' re c f all; oat tern a except arches to. the ridre-cornt and 
-tale is determined by"counting.the nrrsber' of - ridr.es which.flow across 
a ..line . frosn the triradial' point to ■ the p -^int of the core.'hit is an 
expression.of pattern :oiso ‘and a useful quer-tit-stive -tool, -
A ll systems o f--c la ss ific a tio n  use p a tte rn  type d e sc rip tio n  and 
rid g e  count. -Trie system mast used i s  th a t  o f Henry which was m odified 
- by. Cmsd n s  and Hldlo (1 -!i3) who re fin ed  the d e sc rip tiv e  c la s s i f ic a t io n s  
;of p a tte rn s  into-archesb le e p sh whorls ma (see  Fie* If. 6). •
”Xt was tbc-opbt bent in th is  stcd.ry iy  . r.rylys'- ' ~ i t s - r: in to  fo u r- , 
teen d if f e r e n t  types to  eynlosto  mere syssteneticn lly  freq re rey  variations
7 0
Fig* k' 6  Table of c la s s i f ic a t io n
of p a tte rn -ty p es
(Cummins & Midlo, 19U3)
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(see Table I4..I XVijaya Bbnmi (1 has proposed a c la s s i f ic a t io n  and 
• methods of id e n tif ic a t io n  of the  d ire c tio n  of th e  course of the 
ridges', in s id e  ..the pattern- ares of tru e  w horls. In a l l ,  n ine ridge 
fceu rse  types :nrs identified, named and described. Data, -analysed on 
; th e  b a s is  of these methods rev e a l s i r n i f leant b i l a t e r a l  d iffe ren ces  
■for, clochmse and 'counter-clbckTn.se'types': of rldfre. d irec tions.- 'H e  ■ 
fe e ls ' a more d e ta ile d  an a ly s is  o f such minute'- t r a i t s  ..may a s s i s t  in, 
understanding th e ' genetic.-.mechanisms and e v o lu tio n in v o lv e d /in  p a t­
tern, v a r ia t io n . Penrose and X.oes'cb': (1970) • produced. th e i r  ^formula-/ 
fo r .d e sc r ip tiv e  c la s s i f ic a t io n  :of palm ar■config i-ra tions as a ;more V- 
u se fu l method for comparative g en e tice l studies.■The method depends 
on to p o lo g ica l ideas and describes all loops and specified 't r i r a d i i .  
.Plato and Tdertelecki1 (1.972) proposed a. method -of suhtvpirg in t e r -  - 
' d ig i ta l ,  patterns which i s  based ;rpor the  'd irec tio n  of -main l i n e  
te rm inations as w ell as presence of accessory, t r i r a d i i .  This-method 
i s  c lo se r  to  th a t  described  by Cummins and Hidlo ,(19h3)’ than to  the  
s l ig h t ly  more com plicated c la s s if ic a t io n  cf.palm ar p a tte rn s  by 
Penrose and Loesch (1 /7 0 ). They suggest . th a t  .c le a r ..population-- d i f -  
. ferences were-demonstrated w ith 'reg a rd  t o  the. various subtypes of 
■palmar con figu ra tions which, 'how ever? remained unnoticed" when only 
the major p a tte rn  types were considered.
■’ The t  t r i r a d iu s  o fth e '.p a lm  i s  comm only used in  g e n e tic a l 
s tu d ie s  as* un like  th e  e th e r four palmar t r i r e d i i , i t  i s  v a r ia b le  , 
in  p o s itio n . This has been employed in  d e sc rip tiv e  methods of evalu ­
a tin g  th e  t  t r i r a d iu s  (Penrose,- 1968) to g e th e r w ith measurement of 
the  angle between th is  t r ir a d iu s , and the outer, i n te r d ig i ta l  ones*
mule fo r  co rrec tio n  of the ATD .angle so th a t  the e f fe c t  of v a r ia tio n  
in  breadth  of palm and la te r a l  dov lsticr. of the t  t r i r a d iu s  w il l  be 
reduced. -
However, th i s  i s  f a i r l y  a rb i tra ry  and Pavid
TABLE U. 1 C I A '"‘10A'TIOF OF PATTFHF TYPES 
BSED IF  TtJIS STIIBY
3* ' ; A
U. > TA
5. :.V ;
6. .-v -sio,;
?. CPL
8. OFLr
; 9 .  p  L P l.
10. LHL1’
11. TTi
12. DL
13. DLr
1li. C
nlnor loop 
ra d ia l  loop
1 t r i . r a d i i
srch
tented arch
no : t r i r e d i r s
whorl
s p ir a l  whorl
c e n tra l pocket loop
ra d ia l  c e n tra l pocket loop .
l a t e r a l  pocket loop
ra d ia l  l a t e r a l  pocket'loop
tw inned•loop
double loop
ra d ia l  double loop
composite
> 2 or more t r i r a d i i
h 7 Mp+hod of ridpe-countine? as applied  to  a loop.
M  The l in e  o f ' the  count runs fro™ t r i - r a d tu s  to  core.
B.C. =lU
x
'Cg;g!VTteg=ggff"r>gJP*as?^
ml n 'H *1 - - -
Method■u sed ■in  th is  study
Fin per and palm 'p r in ts  were taken  u s in g ' E leen p rin t paper 
and ink* Falsi p r in ts  waro taken b;f covering the  palm with- s th in f v 
even/film  o f ink  and ' then, -pressing th e  palm f irm ly  .onto' the  paper* 
re s tin g  on a foam-rubber.' pad* 'O reat care. was;, taken to' get- th e  . 
cen tre  a res  o f the',palm and th e .n ecessary  t r i - r a d i i , ■
; : Finger p r in ts  were tak en  • by, gen tly ,''. but- smoothly, r o l l in g
.the finger-end  fxc~ f*'© .edge o f  - the ra l l-b e d  round to . th e  o ther 
side* ensuring a c le a r  p ic tu re  of the p a tte rn  and t r i - r a d i i .  I f  
p r in ts  'were smudged or d i f f i c u l t  to  read , they  were repeated  u n ti l '- ,  
a su ita b le  p r in t  was obtained (see F ig . Iu 2 ) .
A method fo r'pho tograph ic  film  was used; I r r  a few fin g er, p r in ts  
only, (Arthur,'..1972). This .produced ar* even b e t te r  and w ell-defined  
p rin ts  however,; the  main drsw -backs.o f o ffensive  sm ell and chemical 
s ta in s  on the  f in g e rs  n e c e ss ita te d  lim ite d  .use*
The f in g e r  p r in t  p a tte rn s  and rid g e  counts were read using  
a large- magnifying, g la s s . The number o f ;r id g e s  p resen t Were counted 
in  s ■s tr a ig h t  l in e  from, the t r i - r a d iu s  to  the  c e n tra l r id g e  (see  . 
F ig. lu ? ) .  The' only param eter analysed on th e  pa lm -prin t was t h e :; 
ATD angle, which i s  th e  angle formed by the  main t r i - r a d i i  o f th e  
palm -(see F ig. 1 .8 ) ,
Fig, 4*8# Palm Print Shotting Main Features,
Main—line endings
-<-radius;
Hypo thenar- area
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RBYIBW OF ITTSRATURB
1. HISTORY
The patte rned  t ra c e r ie s  of the f in e  rid g es  on f in g e rs , palms 
and so les  aroused in te r e s t  long ago, though many designs in  n a tu re  
r e f l e c t  them- However, various archeo log ica l finds have brought to  
l i g h t  carvings of hands and f,f in g e r~ p rin t” designs. P r in ts  may* have 
been used through the ages as personal id e n tif ic a t io n  as they have 
been found on ancien t c lay  p o ts . The f i r s t  suggestion o f  r e a l  id e n t i ­
f ic a t io n  use comes from China and has been recorded on th ird  cen tury  
B.C. se a ls  and n ineteen th  cen tury  p roperty  deeds (Cummins and M idlo, 
19)43).
The ac tu a l s c ie n t i f ic  concept of f in g e r -p r in ts  as unique 
id e n tif ic a tio n  seems to  have began 'in  th e  n ine teen th  cen tu ry  and 
p ra c tic a l  ap p lica tio n  began a f te r  p u b lica tio n  by Faulds in  Nature 
in  1880. Galtcn pioneered fundamental f in g e rp r in t  s tu d ie s  and took 
in to  account morphology, c la s s i f ic a t io n ,  in h e ritan c e  and r a c ia l  
v a r ia t io n . A p re lim inary  study  on f in g e r -p r in t  p a tte rn s  in  1892 provided 
th e  f i r s t  evidence in  favour c f  the  p a tte rn  types hav-ng a h e re ­
d ita ry  b a s is .  Galtcn compared th e  frequencies w ith which s im ila r  
p a tte rn s  occurred on the r ig h t  index fin g e rs  of p a ir s  of s ib s  w ith 
those of random paired  u n re la ted  persons. The agreement among the  
s ib s  was g re a te r  than was to  be expected by chance and in  the  unre­
la te d  sample the  observed and expected numbers agreed w e ll. W id e r , 
then inaugurated a programme of b io lo g ic a l in v e s tig a tio n s  w ith a 
study o f comparative derm atoglyphies, h is  f i r s t  paper being published  
in  1897. Inform ation from h is  research  and from iso la te d  pedigrees 
agreed in  suggesting th a t  h e red ity  p lays an im portant p a r t  in  d e te r ­
mining rid g e  arrangements.
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Bonne vie - i?cecsplished 8 g re a t : d0a l  in analysing '.the inheritance. . 
of .fijjger-priRt'characteristics, :'Her; f i r s t  major- contribution ■ •
(Bcnnevie, 192!*) was •followed' fey:.a succession ;of /im portant s tu d ie s  ■ 
m  the  'em bxyelegleal processes lead ing ' to  the-. exTressiori o f p e r - ;;
. t ie u la r .  c o n f irm a tio n s , In  192h, "Cissnlnft.s tu d ie d ;the' 'dem atog lyphlcs 
o f 202'.embryos, H eeentlyy Oksjima (19?!*) has • published net?-approaches'
' in  th is ' a rea , -
■ Currsins. -interest in dersattplppM.es began with a paper 'on the ' . 
toe configurations. of an anatomical subject- (Ccissins and Sicomo, .1923). 
■:A'.1927 study of. a Jewish; sample was.-folloed 'by'aVsaajc-r wori in 1928 ■ 'A
where six .w orkers analysed a n 'id e n tic a l - s e t  \ o f rh u n d red  ' p s lp -p r  1 nts*. - 
which re su lte d  in  a re v is io n  .of methodology*-.This:le d  to  s hook ' 
w ith Midlo in  191*3> which has been the 'd e f in it iv e  te x t  covering every 
aspect of the  su b je c t, Cummins e s ta b lish ed  r a c ia l  v a r i a b i l i ty . in  'a '
. s e r ie s  o f papers between 1930 and 1967 studying 'numercnis' e th n ic  groups,,;., 
which overwhelmingly in fluenced  the  use of • d e raa tb g ly p ta lc s in  .pojpu-y . 
_ la tio n  studies,;. wills the in te rn a tio n a l l i t e r a tu r e  new to ta l l in g  w e ll ■ 
ever -'3*500 t i t l e s  (Kavlawala, in  p re ss)* -.
2* .-•;FDF!LATIOK STtTOXES 
'. '.f'-Francis' Galtcn (1692) . f i r s t .■ suggested th a t - wle e s i.  (dermsto*: y \  
g lyph ic) .peculeri t i e s  e x is t  in  England,- th e  ch ild ren  of se^e l o c a l i t i e s  . ■ V 
som ing to  be s ta t i s t ic a l ly 'm e r e  a lik e  In th e i r  p a tte rn s  '.than! English'; ".•• 
ch ild ren  g en era lly ” * Regional v a r ia tio n  in  fe a tu re s  of pahs and ,
' f in g e r  p r in ts  was demonstrated by Abel and P o ll in  the T'.>30f s from 
samples l iv in g  In various p a r ts  o f Germany* More. r e c e n t ly , . Kewman 
(1960) has , w ritte n  o f deraatoglyphic . v a r ia tio n  between. Highland and 
Lcwlsnd Msyan groups' i n . Yucatan, B esp its th e  suggested high h e r l t e b i l i t y
of c e r ta in  dermal' t r a i t s  (T.R.O. has a h e r l i a b i l i t y  estim ated by 
Holt '-/?9 9 l/  to  be Jpsw s tu d ie s  have been • attem pted in  the
.in v e s tig a tio n -c f  lo c a l  m d  reg io n a l d iffe ren ces  among popu la tions.
Roberts and Cocpe (197?) in  th e i r  study  of dermateglyphic-'. 
v a r ia tio n  in  th e  South Midlands showed the  ex istence  of h e te ro ­
geneity  in  d ig i t a l  t o t a l  rtdge-eo im t and p a tte rn  type frequency 
••"among lo c a l  popu lations, foe v a r ia tio n  appears to  be c l in a l  w ith  
in creases  in  to ta l  ridge-eoun t . eastwards and southwards in  B erkshire 
and s. decrease northwards - end - eastw ards in :north  O xfordshire. - They 
a lso  suggest, h ig h ly  s ig n if ic a n t 'd if fe re n c e s  w ith in  end between 
sexes, p a r t ic u la r ly ' in  th e  mere r u r a l •reg io n s, w ith those areas 'of 
most ab e rran t .ridge-ccmni snd p a tte rn -ty p o  frequency co incid ing  
w ith .th o se  o f g re a te s t  h i s to r ic a l  is o la t io n .  .
.'Coope (1971*) suggests th a t  comparisons o f mean to ta l  r id g e -  
‘count i s  a crude and In e f f ic ie n t  way of 'evaluating '.population  d i f -  . 
fe ren ces, as i t  i s  m erely the  stm o f ten  f in g e r .ccunts end does no t 
take  in to  account in d iv id u a l f in g e r  c h a r a c te r is t ic s • Roberts end 
'Coop© (1972)’su g g e s te d in  f a c t  th a t  an in d iv id u a l1© d ig i t s  a re  not 
.independent of-each o ther fo r  ridge-count c r  p a tte rn -ty p e . This i s  ■
. shown by many published ': s e r i e s . o f c o r re la tio n  c o e f f ic ie n ts  between' 
d ig i t s .  Bonnevie (192b) and H o lt .(1957) "confirmed' the  s t a t i s t i c a l  
.in d iv id u a l i ty •o f each f in g e r  in d ic a tin g  th a t  f in g e rs  n e a re r ' each 
o th e r .a re  more a lik e  in  ridge-count and p a tte rn -ty p e  than fin g e rs  
fu r th e r  ap a rt on the hand.
W ith.th i s  in  mind, Roberts and Coop© (1972) suggested th a t  each 
in d iv id u a l should be regarded as a whole w ith re sp ec t to  f in g e r ­
prin ts*  I t  i s  suggested elsewhere (Ch. 8 . p j l t )  th a t  a l in e a r  con- . 
t r a s t  constructed  fo r  each Ind iv idual- may give a more r e a l i s t i c
assessment' of p a tte rn -ty p e  c o rre la tio n s  between bands end f in g e rs .
Very d if f e re n t  populations have very s im ila r  t o ta l  ridge-coun t 
means. A S c o ttish  sample w ith a mean of 133 i s  s im ila r  to  th e  J iv a ro  ' 
in  Ecuador (Sunderland and Coope, 1969) but th e  e lse  o f the loops 
on th e  thumb as measured by f in g e r  ridge-coun i i s  very d i f f e r e n t  in  
the two popu la tions. Coope (197U).suggests a m u ltiv a ria te  an a ly s is  
approach-which t r e a t s  th e  ridge  counts o f the  ten  .fingers as .d is­
c re te  y e t in terdependent p a r ts  of th e  whole hand. The in d iv id u a l 
p e c u l ia r i t ie s  a re  n o t submerged b u t a re  th e  p r in c ip le  fa c to rs  d i s ­
tin g u ish  i r g  between popu la tions.
Roberts e t  a l  (1968)' in  th e i r  study of the  Lunana.of;'Bhutan 
suggest strong  g enetic  determ ination  of dermatoglyphic ch a ra c te rs  
bu t th a t  th e i r  in h e ritan c e  i s  no t s in g le , - as i t  i s  im possible to  
equate any d iffe re n c es  w ith gene frequency d iffe re n c e s . - However, 
th is  does not dim inish th e i r  u sefu lness in  population  s tu d ie s  as 
t r a i t s  which are  g e n e tic a lly  complex nay w ell'p rove  b e t te r  in d ic a to rs  
of population  re la t io n s h ip s  'than sim ple genetic  t r a i t s  (Rewmim, .1960).
Roberts and-Coope (1975) employed s method using m - m athem atical' 
d is t in c t io n s  between components, co n trib u tin g  to  t h e 'v a r ia tio n  o f - the 
. is u l t i fa c tc r ia l  ch a rac te r , d ig i ta l ,  r id g e -co u n t, which has a 'high ; ‘ 
h e r i ta b i l i ty v  A nalysis suggested, th a t  th e re  e x is t  sev e ra l d i s t i n ­
guish able a r ith m e tic a l components -which ere  equatable w ith m eaningful 
b io lo g ica l components a ffe c tin g  the  development of the dermal r id g e s  
on various d ig i t s ,  a n d th a t  these components arc id e n t i f ia b le  in  
sev e ra l populations and account fo r  d if f e re n t  p roportions of th e  
v a r ia tio n  in  each. They suggest th a t  th i s  method .may w ell be th e  
f i r s t  s to p  in  id e n t i f ic a t io n  o f in d iv id u a l s e ts  of polygenes b y  the  
d is tr ib u tio n  of th e i r  e ffec ts*
In te re s t-  in  dermaiog!yphic3 .has a prolonged h is to ry  .but ."until • 
recent' years .few^studies ■ o f .d if f e r e n t  e th n ic  groups, ap a rt from the  '
■ e a r ly  work Of- Cummins, .were .attempted, s tu d ies ' o f der^atoplyphic -'
' 'fea tu res  have, been usefu l:.In  the- assessm ent 'o f evo lu tionary  fa c to rs '1 
.in'''small -.popelaticns and .have" produced da te  -for comparisons -within - - 
and .between geographical areas*- -
■Dsrmatopljphlc date, m  A frican .'peoples (reviewed most .re c e n tly  ' 
by T obiasy-1966) is  'very  -incomplete both I n  - th e  sense th a t  few e th n ic  
groups have been examined end•t h a t ' sam ples' a re -o f te n •sm ell and 
" r e s t r ic te d - to ;d ig i ta l  p a t te rn s ; (B ern!cot e t  s l t .H 72)*  !Iiem aim , s map-. 
;(196h ) -o f  52 populations examined' fo r d ig i t a l  p a tte rn s  shews th a t  . 
.inest-/information comes- from a few widely d ispersed  reg ions o f ' A frica , 
/However,.sore recen t s tu d ies  have added considerably .to. th e  da ta  >/
•■• (G larn rille , "I96?9 1965, -196?)* There is ' very l i t t l e  A frican m a te r ia l . 
on'palm ar con figu ra tions (T obias> 1966) bit t  Pons (1953) drew a t te n ­
tio n  to  ce rta in , c o n tra s ts  between Europeans and Regress in  the. f r e ­
quency of palmar patterns*  .
Host' samples from sm all e th n ic  groups have been used to  a ssess  
.differences.'.within..known, groups .and between th o se  w ith proposed 
h isto rical"-relatienshS ps.-: B arnicot at- a l (1972) - in th e i r  study on ■ 
the  .Beds's o f  Tsnssnie.-suggest divergence may be d«© to  Tandem -.pro- .' - 
.cesses - w ith in  a sm all population* However, they  suggest- population  
comparisons should be based on as many independent character' t r a i t s  
as 'possib le  to  minimise th e .r is k  of m is ta lin g  a few chance resem­
blances as.ev idence e f  re la tio n sh ip *  Burtbermore, the h e r i t a b i l i t y  ' 
of d iffe re n t ' derm atorlyphic t r a i t s .seems to  vary w idely (Lcesch, 1 y?1) 
so th a t  frequency  d if fe re n c e s /in  some o f them may. in c lu d e .a s is e a b le  
environmental component which Is  ir re le v a n t  for tra c in g  h i s to r ic a l  
and ''b io log ical re la tio n sh ip s* ' v
Sunderland and Or,-ope (1973) found th a t  the Ghpnians they 
s tud ied  f i t t e d  w ell in to  th e  d i n e  of decreasing whcrl .frequency 
from .north to  dDuth and from .west to  e a s t ecrcss ^est- Africa* which 
was ''p ara lle led  w ith a decrease in  p a tte rn in g  in  a l l  areas of the 
palm. They demonstrated a strong resemblance between the Tw.i-bpeakinr
■ peoples c f  south and 'Central'-Ghana ;rto---the;tribes' of the  Upper (volts' 
R iver, a region which myths and legends c f  the  Ttri language describe  
-■as t h e i r . o r ig in a l  '-homeland* D espite '.tr ib a l v a r ia b i l i ty  and th e  wide . 
area  from which the  da te  \ r s  drawn ..the homogeneity .found in  the  . p a r- ■■'■' 
t l c u la r  t r a i t ,  f in g e r , 'r i ’dge-ccun t. i s  remarkable when: compared • with'--•': 
the  ''much la rg e r; amount-'.'of v a r i a b i l i ty  in the'"Jivoro. .Indians-.of 
Ecuador .(Sunderland .and Coope, 196?) who lix^e in  ccap sra tiv e  iso la tio n *
Steinberg @t fel (1975) compared, the derm atoglyphics of, Horth 
American 'negroes-w ith those of A frican negroes, pygmies and bushmen.
The American nfegroes-were more akin to  A frican leg ro es th a n ’. to ,,the  
' pyprties- and bushmen, and- shew s ig n if ic a n t,  d.i f  Terences', t o ; a n . American'. _
■ Caucasoid -population from a ;s im ila r , study  b y  P la to  e t  a l  (1 >7.5).'-
' Surveys, of: South A m erican'Indians ,hat’e ! not. been nnmerous.'.Pens'- 
et-' a l  (1.972.) - l i s t e d  25' papers, .published'; between ;1917 and r->67y w ith  . 
/’.Varying'degrees c f  ^ Inform ation,on about :t .,600 ind iv iduals*  ' In  th e i r  
- study o f the Cayapo; . Indians o f  Eras 11 they note t h a t : these-and' o th er 
t r ib e s  w ith in  th e  same l in g u is t ic  .'.group.,- ‘-such. -as the  Tavante .
(Niswander e t  a l ,  1911*7)? d i f f e r  in.'.several, dermet ©glyphic fe a tu re s .
There a lso  e x is ts  i n t r a - t r ib a l  v a r ia b i l i ty  which agrees c lo se ly  w ith 
inform ation on th e i r  re c e n t-h is to ry , geographic lo c a tio n , demography 
and 'blood groups* However,- they p o s tu la te  th a t t h e 'dermatoglypbic 
fe a tu re s  observed In ,;the Cayapo-and.-Xavante f i t  w all in to  the ' general' • 
tren d s  observed in  . South American .tr ib e s  as o u tlined  by Cor.pe. end' Roberts
(1 ?1) . ■ ■Rcthharsier f t  at-;(197.3) c ite" a considerable .ammmt- .of-•inter-.'. . 
v illag e ', v a r i a b i l i ty  fo r  /deraetoglypb'ie'' t ra its ;- th e y  analysed • from a ;  
study of th e /y a n ^ m a m a  I n d i a n s .
' fhCT. recu rn lssd  .the in flu e n c e  of gross 'sampling e r ro r  m  ;-som©- viH pge. ' 
ruanbers were vexy.. sm all*. H ow ever• th e y . su g g est; th a t  I f  as aa ry  as 
"10 1 'c i  a re ’ involved -in  /the- g e n e tic .c o n tro l ' of.:the t r a i t s  . b e in g • 
scored , then e sp e c ia lly  when using .'m ultivariate  an a ly s is  techn iques, / 
th e  n e t'4 a l  - .number. of-.' genes- ..©©spied -.is la rg e r 'th a n  -the .sample, number.; '..
// -': P la to  e t  a l  (1972) in  th e i r  study';of-' H lcronesians. -quote very  
l i t t l e  in te r - is la n d  d iffe ren ce  "and; suggest :'ib s t the  l in g u is t i c  group 
re p re s e n te d - fo lia r  the- same;frequency -trends as other/O ceanic ;pdpa-'; .. 
■'letd ons.-K cier (1975) in  a recen t s tudy ’ o f - E aster 'Is lan d ers  /found
:tb s t  they  f i t -  in to  .the g en era l-tren d s  but ocoupy a n ' p o s i t i o n *
However, the  population was reduced from an estim ated few-thousand,'
In the ea r ly  lB0Dfs to  hard ly  more than.-150 .by the  .1660* s dm  to  s la v e ­
r s  ids and 'epidemics*.I t  would-seen in e v ita b le  th a t  b io log icsi"change • 
occurred, p a r t ic u la r ly  .'.as 'p o p u la tio n . recovery coincided w ith gem  /
• flo-tf IVom'European, 'sources /ss ..well as • from - e th e r  • Polynesian is la n d s .
P la to , Brown and'G ajdueqk;(1975.) in ;a  s tudy  of. th e  Elema.people- 
" of'-the Gulf - D is tr ic t  o f  'Papua -lew Guinea- found th a t  frequencies / c f . 
a l l  derisatoglyphic t r a i t s  considered were -near, the  extremes of. th e  . 
overall' lew Guinea .d is t r ib u t io n  as -summarised by  P la to  e t  ®X,-(1f??5) -/ ■ 
in  a recen t -review a r t i c l e . .The' d is tr ib u tio n s  of th e  lew Guinea.
• people as-a ' group f a l l  -within the rang© c f  those of e th er A u stra las ian  
-• groups, i . e .  M ierom sians, o ther P a c if ic  I s la n d e rs . -A u stra lian 'ab o ri­
gines and sou th -east. A sians.
. " HcKermi©. and •Parsons ' (1975)• -In -a 'denastoplyphic s tudy  of a -d if-  • 
•-.f©rent;geographical- a rea  .of. Papua - .lew. Guinea a lso  • f a l l  -w ithin th e  
"range bu t .p a tte rn  • in te n s ity , - in d ices  and rl&ge-count's -were s lig h tly .
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higher veering towards th e  er*rm«* .valued .of- A u stra lian  ahori. p ines. 
Together wrth  Hctrolla (1^70) t» - used da ta  cm anthropom etric t r a i t s  
th e r  sx io 'cst t h a t  the  B elanesiens are  a group d is tin g u ish ab le  fro® ; 
the h s t r a i t e n  and PcXynesion pepslst:? cm* bu t have 'connections w ith 
b c th . They, ■ d i v id e  th e  sample in to  th ree  geographically  is c ln tc d  
.areas-w hich showed however • l i t t l e ,  d i f f e r e n t ia t io n  in d ic a tin g  p o ssib le  - 
^gcme-flow between th e  nemilsticns, A e ra p te r  tra d in g  c l r o ^ t ,  the. p 
;,Kida.:ringf in  fe e t-o p e ra te s  in  th is  area  tdileh n a r  t ra i l  'o ro r id t;p ";. 
/mechanism fo r  gene flow  between thes© m a l l  rr<*.ws* ■'; :
;. Plato (1975) has reviewed world-wide:distribution of dernato- '
- glyphic/ features*- Caucasian;4©ta was aacumnlstcd • by r-evi&drg ’ over 
1U0 reports* most .of which dealt with Jiist' fingerprints '.separated 
in an arbitrary m y .into four .different .population' groups ^ with; \ 
"approrinrately' similar freqneneles -which wars mnunarised In -eyclogrms* ■ 
: These groups wore -
• 1 ) -.United-States and European Caucasians;
; V 2 )  B a l t i c popu la tion  ' - / ;
3 ) South' European.'' end Hediterranean p« r ic e  ■
• k) - M iddle:Eastern peoples* .. ' 
t id e ly  d ivergen t' i s o la te s  -smch as the'. Baeprcs and '(Irrs ies  were excluded, 
'The Caucasian ' f 4r  'o rprtnb  frequencies showed' little ', 'v a r ia tio n - ' end -th e '.
• pooled s  maple when - compared'.with o th er - r a c ia l  groups had ;s  . 're la tiv e ly - ■ 
lew freemen cy of .whorls, lew p a tte rn  in te n s i ty  in d ices  and Vs . .re la tiv e ly  
high frequency c f  loops* Only r e a r c m  have a lower frequency of 
whorls (see Table 1 .2). The r a c ia l  groups 'compared .pare A ustra las ian s,'. : 
O rien ta l and A sia tic  Mongoloids, Aia©rindiar.s,' Negroes and-Asian 
■'Indians* "However, they  d id  not rep resen t the e s ta b lish ed  anthropn- 
lo g ic a l  r a c ia l  c la s s ific a tlc n s  but. ware an a r b i t r a r y  prowping based ■ 
on an thropological and geographical considerations*. /
IHHERITMCE
Prom our p resen t knowledge of th e  in h e rita n c e  of dermal rid g es  
i t  seems th a t  f in g e r  p a tte rn s  are a ffe c te d  to  a le s s e r  e x te n t by 
environmental fa c to rs  than those on th e  palm. This may be due to  
e a r l i e r  rid g e  form ation on. f in g e rs  as opposed to  th e  palms (H o lt, ;
1968), Berm&toglyphic - in h e ritan c e  seems to  be .m u ltifa c to ria l in  
ch arac te r w ith c e r ta in ly  th e  products of more than one gene being 
a ffec te d  by th e  u te r in e  environment during the  c ru c ia l perio d  of 
ridged  sk in  development.
F am ilia l data  from f in g e r -p r in ts  have been analysed q u a l i t a t iv e ly  
fo r  such c r i t e r i a  as p a tte rn  type, form and d ire c tio n , w ith the  
in te n tio n  of determ ining the mode of in h e ritan c e . In a l l  cases 
in v e s tig a tio n s  have y ie ld ed  in d ec is iv e  r e s u l ts  and i t  i s  s t i l l  n o t 
known how the  fe a tu re s  of ridge  design are in h e r ite d . Such workers 
as E lderton  (1920), Gruneberg (1928), BShmer and Harren (1939), 
Essen-M oller (1911) and de M lde (1953) have in v e s tig a ted  th e  gene­
t i c s  of p a tte rn  type. "While the m ajo rity  agreed th a t  f in g e r -p r in ts  
p a tte rn s  have a g e n e t ic a l  b a s is ,  Bohmer and Barren concluded from 
th e i r  study o f a hundred fam ilie s  w ith 1*36 ch ild ren  th a t  p a tte rn - 
tjrpe i s  not in h e r ite d . There has been disagreem ent over in h e rita n c e  
of in d iv id u a l p a tte rn - ty p e s , e .g . double-cored whorls (H olt, 1968), 
Bonnevie (1921) considered the gene resp o n sib le  to  be dominant, w hile 
M ueller (1930) p o s tu la ted  an incomplete dominant gene and Karl (19 l3 ) 
suggested a recess iv e  gene. The some workers in v e s tig a te d  p a tte rn  
form ( i . e .  p roportion  of breadth to  heigh t) and p a tte rn  d ire c tio n  
( i . e .  u ln a r and r a d ia l)  and d id  no t agree on th e  g en e tic s .
In v e s tig a tio n  o f ' palmar p a tte rn s  has a lso  produced u n s a t is ­
fa c to ry  r e s u l t s ,  though undoubtedly the  cap ac ity  to  form p a tte rn s
ir> n d e f in i te  area i s  inherited . (B o lt, 1968). I n .  w ell r-s in v e 's ii- . •;..' 
g a tin g . th e  fa n a tic s  of pblsisr. p a tte rn s , ifQinen&, Cstk rr»d ! -rdim' v 
considered the  in h e ritan c e  o f 'pn tsiar- r .s ?r~11nos* They ff pasted. ■ 
th a t  m a ir- ltn e  endings e re  g e n e tic a lly  determined and th a t  the . . 
■'inheritance o f .thenar, ‘hypothener arc* in te rd ic t  te l-,'p a tte rn s  i s  
'cdtaplex. end -cermet he explained by © inp le-fac to r in h e r ita n c e  .'.(Bolt,
■ 196S)., In • r e s e n t . s tudy  Bsnsal and -Hlfe (1962) ■. suggestsd  th a t  • th e  -: - . 
.•■ mc-‘md\;md':£mrth ..in te rd ig ita l ' ..patterns tiny be determ ined by a ' 
s in g le  -gene#. However, i t  was .n ecessa ry 'to  p o s tu la te in c o m p le te  '
. penetrance, an.4 v a ria b le  expression of th e  pf”-fv  v
. 'Because" of. the  -fellur©  of -q u a lita tiv e  methods in  a lu c td e tin c  ' 
the'!..geneticsTof dermal r id g e s  a. new approach was needed, Quanta! ve 
an a ly sis 'so e li as laeesure&eni o f p a tte rn  h e ig h t and bread th  and a " 
court o f n to rs-o f r id g es  occurring between tw o 'f ire d  p o in ts  on a ■ 
p a tte rn  were, introduced and need by Bcnnevle (192k)*. Balrinv p a tte rn s - .. 
are  more d i f f i c u l t  t-c .quahtl t? ' then those or -tho p n e i-H p s ,-b o n c e  ■■ 
q u a n t i ta t iv e 'methods.bar© been ' a p p lie d ' to  o ther fe a tu re s  a s  w e l l 'a s ; ■ ' 
p a tte rn s* ,.
•'The/inheritance c f  a r a n t i t s t ly e  ch arac te rs . in  ©an .has. in te re s te d  
-g en e tic is ts . Tor many years* Hethcdn ore available*-' not e r ly  fo r  ; ..
;mo'sewrtn * e r s d i t s r r  l ik e n e s s 'berttHKm d if f e r e n t  ty p es . c f  r e l a t e d .7 
ind iv iduals*  .b a t - fo r  • in te rp re tin g  th e  r e s u l t s  in  terras''o f Vmd& ltm  ’ 
g en e tics  (H olt, .1/68)*' G eltcn in  IB 89 invented th e  c o rra ls  t i e r  •' 
c o e f f ic ie n t  to. measure. in h e r ite d  resemblance and used i t  in  -the study 
o f such m etrica l ch a rac te rs  nn s ta to rs* . This method of c o rre la tio n  
.was used In .f s t i i ly  s tu d ie s  b a t-d id  * '■ shew. how the ' p a r t ic u la r  charac­
te r s  were inherited*  'The. in te rp re ta tio n -  o f . c o rre la tio n s  between r e l a ­
t iv e s  . in  .terms o f Ifardelian  genetics  was .provided, by' th e  R n tb e ra t ic e l .-;
theory  of F isher in  Fisher-'shewed-; that- .when v a r ia tio n  is
; .contlnwchs- the rep ress io n  of. c h ild  on parent, i s  equal to  th e  p ro ­
p o rtio n s  -of rc r^ s  they  bare in  .common. provided . t h a t ' -  ;
';.:7 1 ) .in h e rita n c e  clone .is involved
. 2) th a t  th e re  is 'n o -  dominance and genes', e re  p e r fe c tly  ad d itiv e  
3 )' .that th e re  i s •no e s s o r ta t iv e  s e t l r r .
The .velue-jv  which i s  th e  th e c r e t ic a l  correlation." c o e f f ic ie n t  between ■ 
. p a ren ts  and children, .and ..between s ib s , fe llow s .-'directly from th e  f a c t  
th a t  a c h ild  rece iv es  h a l f - i t s  penes from each p aren t -' ( Penrose * 1960), 
Penrose fu r th e re d ' th e o r e t ic a l ' c o rre la tio n  c o e f f ic ie n t  s tu d ie s  in -b is  
-work.-cm mongol im beciles' and . th e ir  -.parents and -sibs# --He p o in ted  out 
th a t  th e '• re g re s s io n : o f - o ffsp rin g  on th e  mid-parent- value' c m  be-used 
as  a m ean so f • d e tec tin g  A ~*noncs* Vmn a l l ' the  .genes are ..p erfec tly  . 
...additive*' th e  • r e c e s s io n , i s 'l in e a r ,  d ev ia tio n s  from l i n a a l i i y 'b e in g .. 
'a sso c ia te d  with dominance* B-iuever,. th e o re t ic a l /  c o r re la tio n s  ore . 
r a re ly  re a lis e d  in  p ra c tic e  art! "m f a r  th e  b e s t example fo r  a m e tr i­
c a l  ch a rac te r  i s  th e  t o ta l  '-'finger r id p e -m m t - {Holt'; 1f#6 f ) ,
,.•••/ in  an. .extensive '.chapter, en q u a n ti ta t iv e  genetics  o f palmar and- 
p la n ta r  'ridpe'- c m f ig c ra tie n s  Holt (1 ~68).used the fo llc id n r  m easure-- 
Meats* Counts -of .-the am b e r o f  rid g es  between a'poi***, of . palm ar ' t r i ­
r a d i i ,  such as ‘a 1 -rM ^b* (Fang, 'PonsV..196!i) s n d 'n n p f le r  ■
iceasurenent,"-such as-the"ATI) angle ( i . e .  angle formed by Jo in in g  . 
d ig i ta l  i r i r a d i i  *s*;_end';,d # ..to-'the a x ia l tr trc & iu s  H 1) ;rsed.by-' . 
Penrose (1 9h 9 ? 19S U )  • to  -replace' the  q u a l i ta t iv e  d iffe re n tia tio n . c f .. 
th e  'ax ia l t r i r s & i i ,  t ,  t f and. t n, l i k e  Fons -. (195;?) B o lt else---used 
the palrm r m ain-lino  index in .- q u a l i ta t iv e  f c n e t ic a l  s tu d ie s . •
V Penrose - 19%) -’and 'H olt : .(1968) have produced - ex tensive  
s tu d ie s  'on. d is to r t io n s  in ' .dermal ridge" arrangement in  MalforM'a.tions.''...,.
caused by autosomal aberrations*" p a r t ic u la r ly  w ith -re fe ren ce  to  ' . ;' 
fam ily  s tu d ie s ./  S ig n ific a n t ' d iffe ren ce s  betw een’ Mongols .and a • no r­
mal. co n tro l population  were found fo r t o t a l  r id g e -c e u n t, ' - mean 
. r idge-coun t’ on sep ara te  f in g e rs  and-’tb s ’ inastimV.ATD'’angle* Bernato- 
glyphic p e c u l ia r i t ie s ' are  apparent in  a number o f  sax c h re a o sc a a l. 
ab e rra tio n s  which a re  emphasised by .q u an tita tiv e  ’'methods (Holt*-. 
1968)* A comparison.; of: t h e .dormatoglypM.ee. o f ■autosomal- and .sex 
: chromosomal: a b n o m a litie s  shows’ th a t  ■ m U m m & l ■ tr lsp m ies  -. l ik e  -;- 
mongolism have sp e c if ic  s te reo ty p es  o f p a ls ', and -finger p r in ts  (H olt* . 
1968), w hile the. p e c u l ia r i t ie s  'of such ..conditions as’-. Klein* a l t e r  *s 7 
syndrome a re  '.q u a n ti ta t iv e . and becoss s ig n if ic a n t  only tfm n a s e r ie s  
i s  considered# However, th i s  i s  no t a l  ways no, as in  5ctof s  syndresse*
• m  autosomal , a b e rra tio n ,' th e  - derm atoglyphlc .p e c u lia r i t ie s  • show' only  
d i s t in c t  trends* - Singh- (1975) using  -Multivariate, s t a t i s t i c s  noted  .- 
th a t  Mongols'.gave r i s e  t c  a 'v e ry  ev iden t derm at-oglyphia-difference-' - 
while mental, re ta rd a tio n  and scM sopiorenia, fo r  which tip' s trong  e v i­
dence o f the cau sa tiv e  In fluence c f  g en e tic  fa c to rs  has y e t been 
found,;-.do’■ n e t d i f f e r  s ig n if ic a n t ly  from a normal sample taken from 
A ustra lian  iSurcpesn groups* 7
The study of .chrotacscssal’ .a b s r ra tie n s . in  conjunction. w ith  ■ fami­
l i a l  da ta  can .provide- in fo m a tic n  or pone lo c o tic n  (P csrose, 1963) . : 
The h igh ly  s ig n if ic a n t  d iffe re n c es  between .r.otber-mcnfcl c h ild  and . 
father-m onrol ch ild  c o rre la tio n s  f o r  the maximal ATD angle suggested 
to  Penrose (1.960) th a t  genes which govern the  p o s itio n  o f the *t* 
tr ir& d iss  on the palm May. be lo ca ted  on chrcmoscme 21 * The fa m ilia l  
c o rre la tio n s  fo r  to ta l  f in g e r  - rldge-coun ts  in  fam ilie s  w ith mcngol 
ch ild ren  have been examined w ith regard  to  gene lo c a tio n  (H olt, 1968). 
R esults were suggestive b u t 'no; d e f in i t e  conclusions were dr mm.' from.
comparison- between ■mother~mbn t  hyd ..fstho?-;n<mgcl c * e l s t le n s .
lisny o ther d isea ses  hove .s tu d ied 'd n '- r e lo t te n  to  dermato-
: r 1 ^ h t e s . ; These include p h en /lb e to n u r.ift(A lte r, .196?), Park inson1 e : ■ 
(te ivea te  e t  il*  1966),' OeoXeyta; sneoais. (Hosner and;Spriggs\ 
.1969),. d iab e tes  /K o llltu s ; (C ho lrocariti*  1 6?)*. alcpoc*! is c re a te  omt' 
p s o r ia s is  ' (Vcrbor, -1968), Pjxbinstete^Toyoite rcwdrrwo (Jencar, 1?6£). 
land-.-the dc Lanr;e I3yr4mse ;(^rtitb,r ' 1966)* - However, th e re  appeared .re- • 
•clear. r s s e c ic t te n s  i n .I jc s o  s tu d ie s . A censi d o u b le  m ount c? w o r l. 
'has .been done in  sch isophrenic bu t n ^ i a l l  f*nd1nys agree.{David#
(1971 e ) -  ^ t e d  the tlin p o rity  may stem . frcm v s r ia t ie n c . 1n lU ofnesti? 
• c r i t e r i a , - - ^ o p ’spb ical' -ysricttbnss and d ifferences- o f meihcdoXoyy.
The find ing  of "increased  incidence of w horls-in  co n g en ita l;:; • 
ru b e lla  bos been, c o n f in e d  (F :rv is  f te tb  e t  e l ,  196") end nn obnor* 
msl s in g le  tra n sv e rse  ps&mcr crosse was described . Tncre a p p e a r s .to .
■;be/sc© e:;*8scciatien .td ih  >Hlsc:nf c d isease  end t e . increased  ■ p m b & f • . 
of .ijhcrlsvcn. csrtalndfinrers :'(Hedges' end fte:n , 1969). They suggest 
that ss-the disease msy-’be-in h e rite d  .‘as Vl&ndelian recess iv e  choree 
te r  i t  .w ild be'nsefulvto  study..familial.der/netoirXrpbics es th is 
'votfXd .assist "In the detection of rcr.ial hsierocygeiie carrie rs . .Ate 
s lig h t' increase in whorls has rise  been four! In ■ individuals v  t* 
..Huntington1 s chorea (Barbesm e t  .01*1966)* ■
I t ' i s  s t i l l  u n c lea r, however, whether • s in g le  - gene d iso rd e rs  ? 
can d ire c tly , sffec t.d e ro ia teg ly p h ics . • Changes'' found. in  - the  Holt-Orem 
syr.dre~e. (Rcsner and A berfeld , • 19?0) are  o ften  claimed to  be en, 
e re  *X.e o f th is , . .b u t  D avid’(1 9 7 2 )'suggests  . th a t  the  d eraatcg lyph ic  .- 
a e b n ^ ’n l i t i e s  in  •. th i s  c rM iiic n  ere-due to ; hand deform ity  and no t 
. th e  'gene*-. In  -.the'same way. anonychia a f te c tn  f!r^ o r» p a tte rn s , h o t ‘
, th i s  is -o n ly -a  secondary e f f e c t  of the r a i l  - F r ?  * lity /(P en ro se*  ■■'•'
1968). R ecently , females w ith congen ita l v i r i l i s i n g  adrenal hyper* 
p la s ia  have been reported  to  have s ig n if ic a n tly  la rg e r  p a tte rn  s in e , 
bu t Qsssi and Ibcmpson (1971) suggested th a t  th i s  was the  r e s u l t  of 
in creased  growth from th e  th ird  month of in tra u te r in e  l i f e  and n o t 
a d ire c t  g en e tic  e f f e c t .  David (1972) suggested th a t  s in g le  gene 
d iso rd e rs  do n o t d ir e c t ly  a f fe c t  derm stoglyphics, as a study o f 
tuberous s c le ro s is ,  in h e r ite d  as an autosomal dominant co n d itio n , 
f a i le d  to  rev ea l s t a t i s t i c a l l y  s ig n if ic a n t  d iffe ren ces  when compared 
w ith a la rg e  co n tro l group.
Purvis Smith and Manser (1968) reported  abnormal palmar c reases 
In  leukaemia although th i s  was no t confirmed (Verhov, 1970a), To find  
th a t  ® s in g le  tra n sv e rse  crease  i s  a fe a tu re  of leukaemia would he 
to  add a th ird  lin k  between Dam’ s  syndrome end leukaem ia, th e  o th er 
two being the  high r is k  o f mongol p a t ie n ts  dying of th is , d isea se  
and the  find ing  o f m  abnormal 0 chromosome in  some leukaemia p a t ie n ts  
(David, 1971c).
Senehess Gmoos (196b) and Verhov (1970b) have suggested th a t  
f in g e r  p r in ts  could be u se fu l in  d iagnosis  o f c e r ta in  forms o f con­
g e n ita l  h ea rt d isea se . However, David (1969) in  a study o f 300 p a tie n ts  
and fam ilies  in  B r is to l  found l i t t l e  a sso c ia tio n  and suggested th a t  
f in g e r  p r in ts  may be a u se fu l in d ica tio n  th a t  some card iac  d e fe c ts  
are  m u ltip le . Bashed end ML (1975) found a s t a t i s t i c a l l y  s ig n if ic a n t  
h igher frequency o f tru e  whorls w ith a corresponding h igher to ta l  
ridge*count in  those p a tie n ts  with m yocardial in fa rc tio n  as opposed 
to  o ther h e a r t co nd itions.
They suggested from th ese  observations th a t  an ten a ta l fa c to rs  
may co n trib u te  to  tb s  ae tio lo g y  of myocardial in fa rc tio n  in  man.
- Patients with; coel5.se disease suffer frdm-seme less of finger■; 
print .patterns; which • a p p e a rs to . be correlated with'loss ;■ of intestine! 
villi* After treatm ent th e  c la r i ty :  of prints .returns in  p a r a l le l  .•• 
with a partial return o f :in te s t in a l  v i l l i *  .This change’ in  epidermal;' 
r id g e •atrophy appears' to’b e -confined .to adult: c o e lisc  disease, :s ince : 
many other wasting d isea ses  have.been- s tu d ied  with-norm al results 
(David' et al,'; 1970)*.''
•: 'David - (1970b) has' described  two "separate families' w ith >'w Ridges- 
cff-tbe-E fid1*:- syndrome*-. It . appears to-' be Inherited .as- an autosomal-:'., 
dominant and-consists of r id g es  .rutming; 'v e r t ic a l ly  off the' en d -o f - 
"finger and toe prints Instead of - forming, the normal patterns, w ith - 
■ a complete .absence of a rc h e s ,;whorls* twinned loops, lateral pcchet 
■loops and.com posites-in ;every a ffe c te d  member of the  families. He ■ 
•describes a tendency for seme p a tte rn s '- tc  ex it; on the radial border 
'•of .the fingers and. seme patterns to  p a r t ly  cross, th e  d i s t a l  inter- 
. p h a lan g ea l; f le x io n '.crease with the triradius on or b e la y  it.’...The; - 
: interdigit s i -patterns, of the palm appear to  extend more proxixaally 1 
than normal* There is considerable distal disp lacem ent'■ of th e  • Jtl’ 
..triradius 'to a: tn o r-1 111 /p o s itio n , .together with a peculiar- vertical ;' 
•:• l,craci:lf in the ridges In- the r "thenar area* 'He ■ suggests that ’there .: 
;®ay w e ll be other inherited dermstogiyphie syndromes
Attention has been drawn to the-remarkable similarities found 
i n 'p r in t s  of mor.oaygctic tw ins, being p a r t ic u la r ly  n o tic e a b le ' in  
pattern types and ridge-c.cim ts (Holt, 1965). Twin s tu d ie s  are used 
o ' g ree t deal In  biology and medicine, p a r t ic u la r ly  .in g e n e tic s !
• re se a rc h ,. th e  value, o f ' th e .s tu d y  depending- g re a tly  .on th e  accurate ' 
assessment o f gygc-tic type. - Dermstoglyphie - tra its '/h a v e  - been -widely; -. 
used fo r ' assessm ent to g e th e r .with-' o th e r  'in h e r ite d  .ch a rac te rs  such, 
as blood groups. Rif© ..(1933) used finger, ridge-coun ts  as one-.of -eipht'
criteria -for ■'tw in 'diagn^sin'. t*rC*rthttf ;(1?3B) .considered.- finger*-; 
patterns tc be r rre  reliab le  then palmar; characteristics ard'fotmda 
- ridfe-cmmts particularly useful* ■
Idnkefe teste with dermatoglypMc-'-data must of n e c e s s ity 'b e  
'carried cut-en; family studies. However, all ,preltetnary. invert ra --  
tlons have proved negative  (Holt* 1 9 6 8)* -The - f irs t ,  s tu d y  of--this te'V. 
kind .(PJLfe* 191*1 ) r e p o r t s  evidence ef -ri*utosca.nl linkage  between/.' 
" b a r e n e s s  and. thenar.' patterns*.,M ehr/(1953*) f-rnrd cere  in d ic a tio n
o-f ‘Tinkare between fitircr ridge-cctmt with; the T m -is  blood croup// 
/ fa c to r ,  but/nd. ev idence-ef lin k ag e  w ith  se?rf P .T .l .  te s t in g  o r  the--. / 
'-ABO, Xy ^esus, tuthers'h, t  cr Daffy.bleed groans. Holt (1968).-.sup-- 
. gested large '.scale- analyses rf ifamity data /Involving < re n ii-  
iative--methods.'end -statistical techniquesare necessary to advance 
th e .knowledge ‘o f • in h e r ita n c e .and genes c o n tro llin g  the. dennal.ridges.
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RESULTS AND DISCUSSION
i )  P a tte rn  type frequencies
.The fin g e r p a tte rn  r e s u l ts  of Orkney to g e th er w ith comparative 
samples from Shetland and areas of the  S co ttish  mainland a re  sum­
marised in  Tables 1,1 to  1.90; 2.1 to  2.81; 3.1 to  3 .811 ii,1 to  It• 30• 
T otal S co ttish  population percentages, comprised o f Orkney, Shetland 
and S co ttish  mainland groups * are  rep resen ted  in  th i s  chap ter w ith ” 
the complete s e ts  of ta b le s  in  Appendix I .  A ll populations are d i f -  
;fe re n tla te d  in tc 'v a r io u s  l o c a l i t i e s ,  yus'aally comprised o f . geo-' ' 
g raph ical areas such as is la n d s , or where in d ica ted , in to  p a rish es .
Tables 1.1 to  1.90 l i s t  the frequencies of the fourteen  d i f f e r e n t  
.c la ss if ic a tio n s  of p a tte rn  types p re se n t on each d ig i t  over the  t o t a l ’ 
groups concerned.
Tables 2.1 to  2.81 in d ica te  the percentages of these  p a tte rn  
types p resen t on each d ig i t .  These ta b le s  a lso  l i s t  the t o t a l  p e r­
centage of a l l  in d iv id u a l d ig i ts  w ith each p a tte rn  type. Almost a l l  
the  l o c a l i t i e s  fo llo w  a general trend  w ith minor d iffe ren ces  p o ssib ly  
explained by sm aller sample numbers. There appears l i t t l e  sexual - 
d iffe re n tia tio n ,"W ith  on the  whole, a s l ig h t ly  higher percentage of 
the le s s  common p a tte rn s  on th e  r ig h t  hand. The tendency fo r d i f f e r e n t  
p a tte rn s  to  appear on c e r ta in  d ig its , i s  .re f le c ted  throughout t h i s  
s e r ie s  of ta b le s  w ith high percentages of a l l  r a d ia l  p a tte rn s  and 
arches on th e  second d ig i t  of both hands, and a h igher percentage 
of w horls, p a r t ic u la r ly  c e n tra l pocket loops, on the fo u rth  d ig i t s .  
Table 2.25 rep resen ts  the  percentages fo r the S co ttish  popu la tion  
with p a tte rn  types r e f le c t in g  the p references found through th e  
whole s e r ie s  of lo c a l i t i e s .
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Tables 3.1 t'- 3. Pi shcv?'the pnrrtrf of digits ’d-tb the ' 
d i f f e r e n t ,  pattern types end. eorresn^d to the general trends., 
presented -in-Tables.2*1 to,2 .8 1, -
Tables 1.1 to  1*30 show .-the percentages, of arches# loops and 
whorls per digit.- A. higher .percentage ;cf .arches' is indicated on - 
both second digits and the third digit of.the left-hand, being par- .-. 
t ic u l 'a r ly .noticeable in the Shetland --s'* p ie  (see-Table h*16,
. Appendix : I). ■ There appears a higher '■percentage of: whorls in • general 
on-the right hand, particularly- in males#'anti a; slightly higher•'per-, 
.-..centap© of ulnar loops on. the fifth digit of-both hands# :
- Tables £.1 to.5*10and 6,1 to 6.12" compare the percentages .of . 
each digit'carrying, the main .c la s s if ic a to ry -  patterns of 'arches, loops 
andwhoris. .The •higher- 'percentages of particular types" indicated 
iby other .tobies is--presentod here with ■ high'- arch and whorl ■peroen-'■'■
;tapes o?vpredicted:digi4 s.
Tobies 9*1 to 9,5 ' summarise the. percen tag es; of various p a tte rn  
types. pn:''p a rticu la r , d ig its ,. ...The- p a tte rn s  chosen were c e n tra l  .pocket' :• 
lo o p s ,'-'•' -and whorls •'in' '.general,',which, from o th er ta b le s  indicated . 
."preference, fo r  the- -fourth digits. As. all radial p a tte rn s  and tented • 
arches--.-shewed, a. s im ila r  p re fe ren ce  f or 'the second digits #■ the.:-average 
- frequency -per digit was calculated. ;.Tt*.o e th e r:p a tte rn  types# twinned 
loops and l a t e r a l  pccbet-loops# both u su a lly  classed as :whorls# showed 
more variation in th e i r  preference b u t -Indicated, p a r t ic u la r ly  - th e  ■ 
twinned loops, a preference, fo r  the - f i r s t  d ig i t s  and a slightly lower 
..preference, for. the  second digits.
- . The asso c ia tio n  -between: digit: end pattern times may also b e ' - 
.indicated  by rid g e  counts of p a r t ic u la r  d ig i t s  with pattern types, 
•'•corresponding t o a 'p a r t i c u l a r  ran re  o f  r id g e -eo n n ts .
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Fig. 5.1 TOTAL SCOTTISH POPULATION
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Fig . 5 .3  ‘ SHETLAND
R ela tiv e  cum ulative frequency* curves
fo r  th e  p a tte rn  types -  u ln a r loop, r a d ia l  loop, -whorl
1.0
0.9
0.7
0.3
0.2
ai
Ridge count in te rv a l
□ u ln a r  loop 
▲ r a d ia l  loop 
• w h o r l
R
el
at
iv
e 
cu
m
ul
at
iv
e 
fr
eq
ue
nc
ie
s
F ig . 5 .^  SCOTTISH MAINLAND
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U sinr Program.? ¥.?•!. (see Appendix. IT) s 'm a trix  was constructed  
fo r p a tte rn  type per ridge  count per d ip i t  to .s e e  i f  p a tte rn  types 
. correspondedito  a p a r t ic u la r  rldge-cotm i; o r -Tange of ..ridge-e cun ts. if; 
R elative cumulatcr** frequencies were c a lc u la te d ‘-and .rranbs drawn 
tce-show the.: d is i r ib i  tions.;- of p a r t ic u la r  p a tte rn  ' types cver-:av range 
.o f  rid g e -eo u n ts . The advantages• o f  th is  method i s  th a t  sev e ra l 
graphs can be rr -pared on th e  same diagram, ...’and 'the ^ d istr ib u tio n  
curves are a p c re rf  1 srioothing .device allnw inp p e rc e n tile s  to  be 
e a s ily  noted in d ica tin g  areas between ridge-corm t in te rv a ls .  The 
graphs are n o t;so  s e n s itiv e  to  changes/in  shape: however, they  give- 
a c le a r  in d ic a tio n  o f the ' d is tr ib u tio n  o f the  p a tte rn  '.types.
R ela tive  c im ile tlv e  frequency graphs co n s tru c ted :fo r  th e  th ree  
main p a tte rn ' 'types T o ll a? s im ila r " curves. Tmi v re la tiv e , yosi t i e r s  
in d ica te  closeness of d is t r ib u t io n ,- 'v i th r a d ia l  loops beinp th e  f u r ­
th e s t  ap a rt. A ll in d ic a te  c le a r ly  the  area between ridge-covn t in t e r ­
v a ls  where th e  p a r t ic n ls r  p a tte rn  type f a l l s  (see F irs .  5.1 t e 'j .U ) ; .  -
I f  r e la t iv e  frequency curves are co nstruc ted , vision the r e la t iv e  
frequency ••ssia . percen tage '•apdnst ridge-coun t in te rv a ls  ranging from 
0 to  ho, comparisons of d is tr ib u tio n  can be made between' the- various 
p a tte rn  ty p es. !# jcrls fo r  r ^ l  l o c a l i t i e s  fo llow  a uninsodal d i s t r i ­
bu tio n , w ith the g rea t m ajo rity  f a l l in g  between the JO.,and 2.5. r id g e -  ; 
.count in te rv a ls  (see F ig . 5* 5)* The u ln a r loops " 'a re ''s lig h tly , slewed' 
to  the r ig h t  with a h igher percentage in ' the  lower rid g s-eo u n t 
in te rv a ls ;  f a l l i n g •between 1 and 1?. (see F ig . 5 .6 ) . The rad ia ly lo o p , 
however, demonstrates, a bimodal d is t r ib u t io n  w ith  two: dietinqto.'peaV.s•
(see F ig . 5 .? ) .
This in d ic a te s  th e  p o s s i b i l i t y 'o f : two’ d i s t in c t  Terms" o f .'.radial::,' 
loop w ith regard t “ p a tte rn  si?,e expressed by rld re -c c tm i. This
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d i s t r ib u t io n - i s  probably found *>n a l l  'populatecm  and i s  not.unique, 
to th e  area' observed. /.If these  fa c ts  are-"correct, twhat' are the  poe- ■ :
•s ib le  'genetic  or environmental 'fac to rs; i r j f l r e n e l r e  th is ' pa ttern" type, d  
F u rth e r - study  using. data ' from d th e r  - popdln tlcrts. may in d ic a te  a. more h ; \ 
p rec ise  er,plenatlcn o f th e  mechanisms -Involved .in  the  d e ta ile d  .asnacts 
" of p a tte rn ; type/ord  .s iz e d  vyaya- Shams- (1975). - su g g ests ' •that a "more 
cteta le d  an a ly s is  o f.such  -mintste: t r a i t s  as p a tte rn  form and ;d irec tion j- ; 
'»rd y o s itib n in c  -'-of - th e  t r i r a d i l  may h e lp -in  . im derstandina the  genetic , 
mechanisms -and,-wolution'--liwolved'' in  p a tte rn , v a r ia tio n .
11) R id^e-coim t'-frequencies
/•As frequencies o f-p a tte rn  types yaryb in  d if f e r e n t  r a c ia l  groups’ 
th e re  should bo-expected-'.corresponding..'variations in  .-frequency, d is ­
tr ib u tio n s  o f to t a l  ridge-coun i (H olt, 196U). /
Tables. 7.1 .to  7.98 and 8.1 to  8.j? summarise ridge-co im t per
d ig i t ,  r id g e  count fo r  l e f t  ’and r ig h t  hands, and th e - to ta l  r id g e
count fo r  the d if f e re n t  l o c a l i t i e s  o f Orkney, Shetland and th e -S c o ttish  
mainland samples.- Tables- 7*1. to  7.98--show: the maximum,- • minimum ..'and 
mean -ridge-count -for"each d ig it*  The mean ridga-co iin t p e r d ig i t  co r­
responds w ith pa tte rn , '-arrangement, m  -the presence' -;of'.whorls o n '.f ir s t; ' .- 
and fourth , d ig i ts  i s  r e f le c te d  in' th e  h igher r id g e -c o u n ts .found in 
a l l  l o c a l i t i e s . The d ig i ts  w ith ’ a .decided preference fo r a p a tte rn  ; 
type probably have more s im ila r  r id re -co u n ts  than o ther d ig i t s  as s : .
p a r t ic u la r  p a tte rn  tends to  f a l l  w ith in  a d is c re te  range of size*. •''
.The s l ig h t ly  sm aller standard  d e v ia tio n s .o f  rid g e-ceu n ts  per d ig i t  
shew le ss .v a ria tio n ;.h o w e v e r, the  d iffe re n ce s  a rc .sm ell and probably 
not- s ig n if ic a n t .;  /  .;;,.
Ridge-count fo r 'th e :  r ig h t  hand; i s  h ifh e r  than  the l e f t ,  in .. ... 
general, which corresponds with.- th e  'h igher w horl:percentages m  the: ;
right:hand. In all l o c a l i t i e s  the-, total ridge-count . is  h igher ■ in 
males than in'females, which corresponds to;, a ' 's l ig h t ly  higher per­
centage of arches in females, as summarised in Table 3. There 
.appear veryVfetf.-differences' in'..total ridge-ecimt between the 
observed- areas apart from the. half•O rcadian;sam ple'w here* however, : . 
.the s l ig h t ly - r a is e d . canntrmy:be.'-'due • to  • sm all s ^ ’p le  sice rather "
: than, any in t r in s ic  ;differences*';.;-
; M l  .Tables'are compiled ;iii: Appendix I. . .
Pattern type and ridge-ccwnt frequencies in Orkney,.,'
.;Tables 7 to. 1 h indicate the percentages • of dif ferent pattern ■; ■ 
-'.types "for localities.within-the' Orkney sample. If .the .’archipelago: 
is divided into the natural- geographic areas of the;North Isles* ;
South Isles and Ms in land inland (see;-Fir. 2.2 * Chapter 2), th.epat- 
t e m  type frequencies for the North Isles differ from .the rest:of • 
Orkney. There- is a s l ig h t  decrease in .'loops-and increase in .arches ;; 
and whorls. The higher whorl frequency is caused mainly by. a higher 
freqnerscy-'of; central ■■'■pocket loops in  both male and female, and a f V  
higher twinned loop frequency, particularly in  females (see' Table -'8).;;
. If the Horth Isles ..are.;divided into the twr groups cf islands, 
.Inner and outer, it seems that the higher frequencies cf arches and 
whorls appear- in the 'carter ;Hcrtv Isles1 sample, with, in .factia h ig h er • 
frequency of loops (701) in the  anri'er. Worth Isles'(see Table 9).* '
- However, the inner North Isles* sample is small (W«62) and a larger 
sample may-In fact have' accentuated rather than diminished the higher' 
arch and whorl frequencies' for the group as a whole. .;
If the county is further divided into more precise areas, US’.?ally 
centred In parishes, or the 'naturaligeorraphic: units'-;of: islands . 
-s lig h tly , d if f e r e n t  'frequencies cf arches, lo-'-ps, whorls and the rarer 
pattern types are indicated. However, these differences are p ro b a b ly  
no t s ig n if ic a n t .
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Kirkwall and Strcm ness• are  the' two small- -towns -with .other •
'lo c a li t ie s -  being geographic** Lly isolated'.-areas- (see F ig. 2 ,2 ,
/C hap ter 2)..' Loop, frequencies fo r  a l l  l o c a l i t i e s  are  '.similar* thm*ghyv': 
the  r a d ia l  lo o p  .frequency" drops. In  . K trkw ali • due' t-o' a ; very  lew f r e ­
quency in  th e ' females (3*lh%) •'.•-...The--frequency o f arches Is  lew in  
both K irkwall-and .Stremhess\due' to  lower-"'male frequencies, and .par- :
.t i e n lo r ly  lower frequencies .o f-tru e  .arches as opposed .to -ten ted  .
.- arches in  both m ales' and;fem ales (see Tables 12-1 h ).
■ The Bast mainland has a h igher percentage of arches .and a low er 
percentage of. w horls, which again i s  influenced  by the  fem ale.sam ple \  
w ith  a high .arch, frequency o f 11,96% and a low whorl frequency, o f •
19.06^ (see Table 10).
I f : th e  la rge-area-com prising  the Nast mainland ,1 s-.fu rther 
.d ixdded 'there are high arch and s l ig h t ly  lower .whorl frequencies  
■than the  re s t- .o f  Orkney, Influenced s tro n g ly  by the  frequencies o f ■ 
the fem ales. The-, frequency o f tru e  whorls • i s  much the same throughout 
th e  Orkney lo c a l i t i e s ,  - except in  Nest mainland--South- ...which - reaches
1-7.50;t in  males (see Table d 3). However, i t  i s  d i f f i c u l t  t o ' a ssess  
the ' r e s u l t s  'as t r u e ' ind ications., of . p a tte rn  -type -'frequencies throughout 
. the'.'area as they  may be -biased by th e  smaller, .numbers - found', in-, some 
samples., e .g . 36 males in Nest Mainland 'South. However » .■ a l l  " lo c a li t ie s  
in d ic a te ' the  trend of higher arch frequencies in  . females and h ig h er .. . . 
whorl frequencies in  m ales.
Several Orkney lo c a l i t i e s  were assessed fo r p a tte rn -ty p e  f r e ­
quencies in c lu s iv e  and exclusive  of s ib s  (Tables 19 and 20). The 
cu te r North I s le s ,  West mainland and .Strcmrseas samples' w ere . s im ila r  
.fo r a l l  p a tte rn s , w ith :a  k% d if fe re n c e .in  t o t a l  lo o p s  and whorls -in 
the K irkw all sample. "-lbs E ast mainland .re su lts  in d ic a te / la rg e '
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differences between the sample, with.'sihs and without sibs, par­
ticularly i r i  the arch "frequencies (sec. Table 19)* As the sample 
number.'exclusive of slbs is; only ,28 the Irr^e differences nay be 
,i function:.of the small '..sample'"size, .-.but from preliminary tents it 
seems It. 'is probably, sign If leant ■ ( s e e - 8).
Toe frcc’-n^^v cf surncnes-may .be used to estimate genetic 
'similarity' 1 t opulations as well r s  tr ith in  one , (tTrberg. et al,
1971 )* .C erta in  surnames. occur with .great frequency in; Orkney and M  
:.m.at)y/refer/directly-tc Horse ancestry-'(see Chapter. 2).. Hctfever, 
pattern type and-;rldge-ceunt frequencies are. s im ila r  between the'" 
groups divided Into surname.categories, both.i n  the Orkney sample;-/ 
and the S co ttish  sample as a whcle (see  Tables 5>. & 6, 8* £).
The a c tu a l numbers cf males and females w ithin, -a• sam ple: m ?  be: • 
r/strong in fluence on frequencies, as most l o c a l i t i e s ; in d ic a te ''sexual■ 
.-variation. Higher numbers of either sex,.■ part-hi1 "■**ly in a smaller -' 
sample tmy M a s  results and not give a tree assessment of pattern, 
type f r ridge-coun t’.:frequencies -cf an a rea . -.This could be corrected , 
by'using corresponding.num bers•c f  males and females within■samples 
wherever possible*- As ’seme.'.of the-.pattern types -are; fairly rare, 
much larger samples for the different areas are needed'together with /. 
more detailed comparisons w ith in .the B r itish  Isles and -Western Europe, 
to assess if'dif fe re n c e s. are s ig n i f ic a n t:-and Indicate tru e  b io lo g ic a l 
. variation.. -
•' There appears; very  - l i t t l e  d iffe ren ce  in  the to ta l  ridge-coun ts  
■of the Orkney a reas. ,The.West;Mainland sample has a lower T.R.O., 
with an average of 110, as opposed to  an.Orkney average of'118,:r ang­
ling-. from 12l in ISrbwall.to  112 In the South Isles.. Tee standard 
■dev 3 ations: being large,: a ri o*d deal cf varl at! on ...between, samples may:-,
.'be reco rd ed .beforeshew ing  s ig n if ic a n c e . However, the  T.R.C. (110.28)
for. the  N est ■ Mainland' h a s ' a d iffe ren ce  of 11.61 from th e  Orkney 
mean, which 'is  n ea rly .f iv e ;tim es , th e -s tan d a rd .d e v ia tic n  r f  d i f -  ....
- ferences .in mean/and is ,.th e re fo re  s ig n if ic a n t  (see  Chapter. 8 fo r. 
s t a t i s t i c e l  m e t b e d ) . . : ; : '
P a tte rn  type end rld g e -c ra n t frequencies in  Shetland
The'Shetland data  in d ic a te s  f a i r l y  s im ila r  f re q u en c ie s 'fo r / b 
'a rch es , loops' .end whorls throughout th e  lo c a l i t i e s  except fo r  d iv e r- ' 
gences in  the 'H orth  fM n lan d 'and the Worth I s le s ..  The Worth Mainland 
■sample has • a;very' lot? ■ arch: frequency, -.p a r tlc n la r ly lin ''m a le s  ■with 
corresponding h igher frequencies of lo o p s  ;-and w horls;•. however, i t  
• i s  a r e la t iv e ly  sr.n il sample (males”." '2 1 ,/fem ales>  h7). ■ The,North 
I s le s  i s  a la rg e r  sample (males = .'61, females = .81) w ith a h irb  . arch 
frequency in  both males and females w ith an. in crease  in  whorls’, i n ■ .; / ' :. 
the  malesgand an increase  in  loops in  the females (see Table 1?)* .•
. Again' these- d iffe ren ces  are-probabl.y 's ig n ifican t,'; bu t/due io /d i f f l - y . 
cn lty . in  applying t e s t s ’ i t  i s  Im possible to  say '(see . Chapter .8 ).
From.-Tables '.1 and 9.2 Shetl and -has the:m ost v a r ia b le - re s u lts  ' 
in  p a tte rn  type p reference per d ig i t ,  ■ compared -with Orkney end. the  
S c o ttish ‘m ainland.' The cen tra l pocket loop p a tte rn  .type which u su a lly  
.exhibits a decided .preference fo r  the f i r s t  and "fourth d ig i t s  has-a- 
much lower percentage on the fou rth  d ig i t  a n d 'a .s u rp r is in g ly 'h ig h /• : 
percentage on the second d ig i t  o f the r ig h t  .hand, and.a very  lew 
percentage on the f i r s t  d ig i ts  o f both hands. The p a tte rn  types IFL 
and TL- in d ica te  a la rg e  drop on f i r s t  d ig i t s  -of both - hands,., p a r t ic u ­
l a r ly  LPL, w ith a la rge  increase  on second d ig i t  of r ig h t  hand, y
I f  .the..sample i s  d iv iasd  - in to  th e  f iv e  »» geograph ical-areas ; 
•th is-is-m ore  n o ticeab le  in  the North and South Mainland pem ples*. w ith
16,.28$ c e n tra l pocket loops on th e  second d ig i t  o f the  r5-pbt hand . 
in  the  South ..Mainland, and 16.13^ on the  second d ig i t  o f the  l e f t  
b a n d it!  t h e 'Worth '''Mainland.//
The Shetland r e s u l ts  seem to  grade in to 't jro ..'areas, of d if f e r e n t  
t o t a l  ridge-cow nts t-diich perge towards- s ig n if ic an c e . The Lerw’ch 
D is t r ic t  and the  Northern Mainland are s ig n if ic a n t lv  d if f e re n t  from 
the  North I s le s  and the  South Mainland (see F ig . £ j% ).
i )  Lerwick v. North I s le s
D ifference in  T.R.C. = 123.73 - 111M  ~ 12.09
Standard d ev ia tio n  r  /  + jf.L’J JL  s $ ,6 9
;; V 161
The d iffe ren ce  between the T.R.C. fo r  both areas i s  s ig n if ic a n t  
as the  standard  dev ia tion  i s  over tw ice t h i s  d iffe ren ce  between 
/■the two .means..
ii) Lerwick v . South Mainland
D ifference in  T.R.C. = 123.73 -  112.80 = 10.93
'' -- - • •   j
Standard d ev ia tio n  + s 6.1*9
' \ /  161 ■ $2 ■
This i s  n o t s ig n if ic a n t .  (P = 0.09)
iH) Lerwick v. North Mainland
D ifference in  T.R.C. = 123.73 - 127.98 = h .2 $
Standard dev ia tion  s / l 8.:-8—  + i l k /  s g.66
\ |  161 68
This i s  no t s ig n if ic a n t .  (P = O.li?)
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ft) . Sr^t-h.'Mainland v. -North I s le s  :
M ffereh co  In T.R.C. = 112.80 - 111.6ii = 1.16
Standard .deviation = /2L l§!l + k2*!1J s 6.6'?
v  5? 1M
. Trns i s . not. significant*-■ • ■'. (P -  '0.8.7)
V) North Mainland y. South Mainland
■ "D ifference in.T.R.C. “ 127.98 ~ 112.80 = 1C.1B
Standard dev ia tion  = / k i:J iL  + 2 L £ L s '  7.68
T  68 52
h --Tills is  s ig n i f i c a n t ' a t le v e l .
%i) Forth Mainland v. Perth  I s le s
D ifference in T.R.C, = 127.98 - 111.6b = 16.3b
'0\ ■ . . , . „ k&*h8^ b9.77^Standard dev:; at Mr = .... s 7*03
; t /  68 till
This Is-- s ig n if ic a n t at'- $ t level. .
If the .Ronth Mainland and'Leridcfc''•District are tslen as-one sample, 
as Mi fact LsrnMch is reopraphically part cf the 'North 'Mainland, and 
their resulting mean total .ridge count is. tested for significance 
against the South Mainland total ridpe count, .-the difference is very 
large and near to signtflcance.ie^f.-■,.
Leri'jick & North Mainland v. South Mainland
D ifference in T.R.C. = 12h.b? -  112.80 = 11.6?
Standard dev ia tion  •• 6 .16
This i s . r o t  s ig n if ic a n t .  (P .= -0.06) .
P atte rn  type a rd /ridge-co tm t .frequencies In  the S c o ttish  mainland
-The S co ttish  mainland snmole rev erses  n early  a l l  trends in  .M. 
se ria l-- .d iffe re n t? a t 5 *.n in  pattern.--type', frequencies in d ica ted  
e ther-.B ritish  samples. This msy he due 'to unequal sample numbers ; 
(males =1*07, femnl es=1.30) or th e re  isiar W'unknown s e le c t  1 ye. fa c to rs  ; - 
"involved- as the > b se rra tie n s  were .from rr^-rr-s r?  medical, s tuden ts  . 
in  Aberdeen ra th e r  than a random-sample fr**t the S c o t t i s h  population 
(see Table 3) • TH.s sample sboxos more - v a ria tio n  than Orkney but. le s s  
than Shetland in the ta b le s  fo r p a tte rn  p reference fo r  d i e i t s  f: with 
s l ig h t ly  h ig h er:freq u en c ies  -p a r t ic u la r ly / in ' the fem aless o f  c e n tra l 
pocket loops ch. th e '" th ird  .'digit'.-of 'the . l e f t  -.hand; (see Table 9 .2 ) .  ' 
S lig h tly  h igher ra d ia l  pattern.''.frequencies' on -the second d ig i t  o f the  
r ig h t  hand and. s l ig h t ly  1 'w er on th e  l e f t  a re  in d ica ted  as', ccrapa'red y 
w ith Orkney and Shetland.
This . sample shows rr.a dual v a ria tio n , -between the  a reas j w ith the 
low est T.R.C. coinciding w ith  a sm all sample number. -There 'appears. a 
' wide renre o f  v a r ia t io n  with no .d ifferences being- s ig n ifican t:.'
P a tte rn  'type a n d rld g e -co u n t -frequencies In G reat B rita in  .
Tables 1' to  3 7 i l i s t  frequencies of a l l  p a tte rn  ty p e s .fo r  I n te r -  
and ? n tr r—f-Tonp comparisons. Table 1 shews pattern '"frequency arm-, 
parisons between the present- study  and o ther areas o f  the  P r i t i s h :  :
. I s le s .  There appear few s ig n if ic a n t ' d if fe re r  r^s r + y, however1.1 a :
' -general trend of decreasing 'frequencies-o f loops . *r. a south 'to', north  
c lin e  w ith a corresponding ' increase  In th e  frequency .of arches* There 
i s : an increased, frequency of-w horls .In the  S c o ttish  data as . a whole 
ever the  Knglish.. Orkney f M  Shetland ;show-.a." s l ig h t  in crease  in  r a d ia l  
loops-ever o ther areas ■observed;•
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S ex u a l d i f f e r e n t i a t i o n . I s  d e f i n i t e  though n o t  s i g n i f i c a n t  w ith  
p e rc e n ta g e s  o f -w h o r ls ;b a in g  h ig h e r  i n 'm a le s . I n  a l l  a re a s  observed  .
'■ except th e  ..Scottish'-mainland*' There'.is' - a;. high percentage o f arches 
-' in  f  entiles o f 'a l l '  samples* The percentages - of. loops are very s im ila r .
• in' bo th  - m ales and fem a les  of a l l  sam p les . However, when d i f f e r s n - 1 
' t i s t e d  In to -;the c a te g o r ie s » \u ln a r  and r a d i a l - l o o p s , th e r e  I s  a s l i g h t l y  
h i r h e r  p e r c e n ta g e .o f  u ln a r  lo o p s  e x c e p t in  th e  S c o t t is h  mainland . 
sam ple ': and a s l i g h t l y  -lower ..'-percentage/ o f .'rad* a l lo o p s  I to fem ales*
R e la t iv e ly  l i t t l e  i s  known s h o u t- th e  g e n e tic , b ack g ro u n d ’ o f  th e  . '.
; d i f f e r e n c e s  betw een m ale and f e m a le . in  f in g e r  r i d r e - c m n t  and p a t te rn - . ; ' 
' ty p e , but th e y  w ere .thought-.-by P enrose  (1967) t o .b e ' th e  - re su lt o f .sex.; 
in flu en ce , th e  X-chrbmoscme ■ hav in g  s - 'fn r  g re a te r  e f f e c t  th a n  th e  
Y-chrcmcsome, alth o u g h  dermatog lyphie . t r a i t s  a re  c o n s id e re d  to  be 
a u to s o m a l. .P enrose  f u r th e r  su g g e s te d  t h a t  t h i s  I n f lu e n c e  i s  n o n - 
s p e c i f i c  and ac ts  by a ffe c tin g  the  s i s e  and .chemical', c o n s ti tu tio n  •" 
o f  th e  f o e t a l  f in g e r pads," .the -d if fe re n tia l ' p ressu res o f  - te n s io n  and 
■ com pression  c r e a t in g  d i f f e r e n t  ty p e s  o f  r id g e d  area*
'.•■.•The S co ttish 'sam ple as a whole shows l i t t l e  heterogeneity , w ith , 
/however, .sane p a tte rn , type, d ifferences..being  la r ro  tb-ugh probably..' -. 
..net s ig n if ic a n t .  'There appears a lower percentage cf tru e  whorls inV . 
the  O rcadian.and half-O rcadian samples, correspond n r r ith /a  s l ig h t ly  -: •
; higher frequency of some of the r a r e r  p a t te r n  ty p e s * .s . r .  p e rcen tag e . 
of c e n tra l pocket loops fo r  both groups i s  ra ise d , and percentage of /. 
twinned loops i s  ra ise d  in  the  half-O rcadian sam ple (see Table 2 ). 
R e f le c tin g  o th e r  B ritish- samples,' males .have a h ig h e r  w horl frequency 
than fem ales with a corresponding h ig h  arch fre q u e n c y  in  fem ales. I f  
the  . arch 'p a tte rn  - type- i s  divided in to  • th e  -twe categories ', .true a r c h e s .  
and ten ted  a rch es; a l l  the  - S co ttish  sam ples: show pr. in c r e a s e  in  th e
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tru e  arch in  females; and .sir In c rease  in  the ten ted  arch ir. males 
(see Table h)*
' : The v a ric e s  .-.differences .hett-reen I c c s l l . t ie s  nay he dee tc  • . 
random v rrin ti.cn  - or,', in ' the'- case .of la rg e r  chan re s  in  ’frequencies,- 
in ay be due-in f e e t  to  sm ell-groups iso la te d  w:Tt b i r  the. s e p a r a te ’■ 
population being e ffec ted  by. d r i f t ; . p a r t ic u la r ly  in  Orkney and 
Shetland which have experienced a le n r  h is to ry  of is o la t io n  u n t i l  
re c e n tly  undisturbed* ..The-srch-t?herl’ and locp-w hcrl in d ic e s -(se e  
Tables 27-31) accentuate any v a r ia t io n  between the  lo c a li t ie s . . 'T h e y  ... 
r e f l e c t ' t h e  general trends in d ica ted  by .nonparIson ta b le s ,  w ith the 
h igher whorl frequency in the m ales;represented by a’higher whorl-loop . 
index . in .a l l  samples, except the. S co ttish  ’mainland, w here' the  index . 
drops due to  th e  h igher whorl frequency o f  fem ales, ,
There i s  no evidence o f h e terogeneity  in  the Cumbrian sample 
(Roberts, .1976,. pars.ccram.), except fo r a s l ig h t ly  h igher arch f ra - .  .
-.quency.in  'th e '• South Coast region due to  a. p a r t ic u la r ly  high" female ;.-. 
ereh frequency-of _lO.£,>rf.thVs-corresponding d ro p 'in  .whorls (see  
Tables 2? & 26), There i s  l i t t l e  sexual d if f e r e n t ia t io n ,  although . 
a s . in the S co ttish  d a te  the  males-have hi. pber ..frequencies '.'of ra d ia l  
loops in  a l l  samples,; The-very d e f in i te  t re n d .c f  high whorl p e r - ': 
centapos in  males and. high arch percentages in  females observed .in  . 
o ther samples does n o t’ p resen t so d e a r l y  in  the Cumbrian d a ta . Hrw- 
ever, d ig i t  p reference ta b le s  r e f le c t  th e  S c o ttish -d a ta  and in d ic a te  
the trend  of arch and r a d ia l  p a tte rn s  on both second d ig i t s  and whorls 
on f i r s t  and fourth  d ig i t s .  F urther d iv is io n  of th e  main c la s s i f i c a ­
t io n  p a tte rn s  as observed' in- the" Orkney,; -Shetland and :-Scottish main-, 
land  da ta  may in d ic a te  s im ila r  trend's, o f preference- in  the .ra re r  . 
p a tte rn  types.
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H-borts and Coops (1972) In their study of dermatorlyrMc ■ - 
variation in the South Midlands found that, tbs frequency of 
p a tte rn  types varied  w ith in  - th e  area, and recorded s t at~ sticnlly' ’/ 
. .s ig n if ic a n t -d ifferences 'in . to ta l  rid g e  count■ between .‘male and'-'- 
. female,' They.suggested that the nnrr.ber .of significant differences 
in  p a t t e r n .type:found b y analysis o f  separate fingers is g re a te r-" 
than t-Tonld occnr"bj chance, and that both the qualitative and-,’- 
quantitative analyses- indicate -the ex is ten ce  -of-reg io n a l. and local 
-differences vjdiieh are of b io lo g ic a l s ig n if ic a n c e .
Discussion
Onlv through such local genetic 'knowledge -is if 'p o s s ib le  to 
in d ica te  whether d iffe ren ces ' should be explained -in -terras o f '’original 
se ttlem en t and lo c a l  h is to ry , or in terms- of selection or. drift 
in flu en c in g  the gene frequencies of the population . T h e /ex is ten ce .o f ; . 
an in tru s iv e  population in an area i s  m e r e l ik e ly  If . th e r e 'a r e -dif- 
. fersnces in  more -than one. genetic trait to the surrcundiry .pc■plila- 
: tiers.'HoMever, it is not possib le  to discount evolutionary forces . 
modifying''gene' frequencies as b e in g .responsible for the'p a tte rn  cf 
differences observed. Possibly evolutionary forces, such as drift or 
selection, influencing.the in t ru s iv e ' .population - i s  a more valid 
assessm ent:of change or d iffe ren ces  in  gene frequencies.:-•
Roberts and.Coops (1972) suggest that the variation found in 
their study represents the continuing existence of differences in 
local rene pools sterling originally from the patterns of settlement. 
In Oxfordshire and Berkshire the population, .although subjected to 
a considerable amount of. change.during 'the last .'few decades, vas pre­
viously predominantly .r«ral: and it is .'likely that .in . s^ one .localities .
' i t '  remained r e la t iv e ly  /s ta tic ./g eo g rap h ica lly . They quote' good 
.'a rcheo log ica l, h is to r ic a l ,  and place-name.-: evidence': th a t  the. o r ig in a l 
■■colonisation''.of t h e ;a re s ’-'t* cl p lace a t  d if f e r e n t  tim es and by d i f ­
f e re n t5 waves": of peoples.-': ..;
The: sample, numbers /weremuch la rg e r / tb n r  hcse of the Cumbrian 
or the/.present.- • survey •which' p o ssib ly  ; accoun ts . for- -the ex isten ce  c f  
/g rea te r■ h e te ro g en e ity  in  tha'-Sbnth Ifidlands' a rea . The Grinev cad 
'Shetland areas w ere.originally■.colonised-,by S crrd irav io r v rd '- ra t io n  
'-and..,were r e la t iv e ly  iso la te d  u n t i l  r e c e n t ly e v e c o t  f fr  s'--*? S co ttish  
: in tru sio n '. The. is lan d s  -are e s s e n t ia l ly  an sdM xtnra c f  P ie ts ,  
Scandinavians•end S c o ts ; (see-Chapter 3). thonrh the time: span ,may be 
Ion?: enough - to  have produced: an hcnorenecus population . The •? slands 
are small-'arid, u n t i l  re c e n tly . I s o la te d  from-each o ther as separa te  
.communities, where m icro-evolution could take p lace . However,, as 
dermatcglypbic v a r ia tio n  i s  m u lt t f s c tc r ia l  i t  may be d i f f i c u l t  to
e i th e r j  assess  the e f fe c ts  of d r i f t  or s e le c tio n , or the  e f fe c ts  may .
be too sm all to  d e te c t ,  flu itig en ic  t r a i t s ,  as Tawe-an (1p6o) suggested, 
may be more r e s i s ta n t  to  change and.sudden e f fe c ts  on rene frequencies 
than, s in g le  gene t r a i t s  and po ssib ly  r e f l e c t  population re la t io n s h ip s  
■'older and more -s tab le  -everit'hue./ This i s :perhaps/.indicated.-X>y,:-bha/ r ;'/' 
s im i la r i t ie s  beiaoeen ,a re-cehorts  - fo r  p n tte rn -tv n es  (Tables 21-2U), 
ridge-coun t (Tables7»87~&?8) and A.T.H «n?*lo (Table 10.5)-, • and .suggests 
th a t  Orkney is  a s ta b le  gene.pool w ith l i t t l e  In tru s io n , p a r t ic u la r ly
in  the more iso la te d  ccmmunities.
PO
FJ
LA
TX
OI
' e
O
M
Pr
rr
-^
n'
V
lT
T 
OR
'AV
T 
• B
HX
TA
 I
f. 
?O
P»
 
. t 
AU
CH
8
G 
- 
TtC
OP
S 
?i!H
) 
r^T
Dm
.G
o
o
-0
44 0
g  ■
C SS R
<*
‘■H
as
e  f-
i
?
£**;
p.
P r.
toJp
*•
0:
*C*‘
o
a '
V. i r .
VOrv ' £
r— T~v„yts » c
C> . cr
G- fi- 'c- o
c. oa CO
1A
v£)
O
r —v-'C c
S '
JK
»3
. o
vO
CV
'vO
Cv
8  2  S - g g . g R S  3 & £  S g ©  .& g S - : 'S R g
* . #  # * » * • ■» * * * # * . *  • # » ■ ■ *  * . #
C* r,\  vO 1>- V0 . V \  CV CV vO tSTuO ' t- 'C V  On 43? vQ «-* .VO «C* f*\
CV CVS <V CV . CV CM CMtv  cv c\s cm cv.* cm cm cm cm cm cm cm
• 0V
■-3 S 8 R  8 2 8  S W S v S g g  g g £ ; g £ £  » *. ► * * * ■ * * • • * *■ * • # .'■ * * »
t*~ v o  XT'. ^ 3 . v o v o  r-*vO cn \ a 4 3 vQ vo-i-ss tr - .^ jv O ;
o
O '
O -ce
O  <A 4 3 ' cm V CA O ' O  . O ' . ' ^ . C M ' - i j  O  C ' . o  ■ O
C-- O . . O  CM . 4 3  CVt.JS ^ f « 3 r *  'VO CV* CM 4 3  4 3 nO  t>.
0 : 0  0  0 : 0  -0 tO. O 43-C?
vO vO 'O -vO vf5 \6  vQ t* \& i  b* - CM <V CM O- cC- <r» : O’ fs- O
VO v o  vO \  vO s O v D v O  v£> vO VO : NO vO MO C-~ C - 0 ~ VC VO A — v£> vO 0-.
v \  o  r s  43 * - « 3  or>O' W 43 O CO 1J.
• * * * m •  ' •ia. *3- *tj w  10104*
i ( i
\ £ \  CM Ov CM O. fv. 
• * * 
1A U \43
I I I t ) I
o  o  o4? O ■ c..
* 4 *
V"1A_3
:v>
£
4? IT C.. . A- r \  \AVO CO 0- cr
5  v'n & g : '5 » S CVvO
J I I
> O IT--, A rA ^Ov«
CM Cv? C\‘ 
3 vf>vO VO
t » I i * > • *0 \  r - U \vQ vO
PM
c.■ O cO
r-*-,
CM
-5J- t.f\
o
-=J O -O O p  UV ~Z? V~ CO t">■o.vo <nCM r- «~
O
CV X f  -< S
r . g a ,  £ g g '  s s s
O  «£? liV  \ A  0 .1! ■ CN * ~  «-*- o  W t h  ■ -3 VO C- t-*-COSTS' <“
|V
♦Jt
P.S
<f-l
f-l »^ V<? e-i-> r--'
o  fc
'C £4 iv- y~- . w-
^  o 'w-c 1#^ *' r-< y-"- r-i
r -'' Vi f,5 r~t y- *- r** ^  <?.i r .  c  c;
w-> H c;> n *rJ rV 5 - n r ;0. €; 0 4-* r-I f -t.: 53 r<  V r . c  «  (rr“f- «r? ■0; G S< *•'.• c: 43 r~*. ?■; f -  : fm - 
c a
tH  ^  ft.■ V5V^>Sj< o  <;, c; 
£ e
*•"* ■ O ’ r r;~. ^  - r-
t 1
0
*4 eg
C5
t
/:■
17. rJ- t M #« Xi K  t: 0
f:.; 4a -43 V« t 4 0  te r
P-"
S) o
C22 '
■ 6 fS 0 .
O
t o
t i
t o
o*■■,!■*1... s
C“Jr«'} C~* j»~|m © 0
■ *H r*? H 
^  ® £*
to
6?
<~s.
c r 
*-< f  
c
g
nr-
0.
p-;■»
I:.
'0C<
I S O
o »
o
c*ft
o
\A o
1 3 1
13
o
cv
o
o o c
00-o♦
o
V0
O
cvo lA«
O
p \
«**•
cvOJ OnJS-: IAO»■
on
f*si
c*
Vi
O
©
o
vO ' IV 
*
e
0 0
1 0
C.-*
£>.
vO
1 A
C
O
Cw.
vO*
a
.CM
O'-
o
ft©
0 0
e«
o•
ru
'O
co
© «
0-0
ftV0
fA
*
V0
cv 
cc  - 
#
v
h -*>>"-
<::■
t
i
C
Pi
L
t
f s
Sf.,;
O
fU
§
<3
a
O
oCO
£-4
a:
IVXT'.
A
00
IV
e «lA
IV~ST*
V0
On
0
vOe>\
«00
c*
€ 0
■vo
c “
evo
If-.
IV4
vO
cvtsv
o
{V
•S*"*
V0
o
t o
VOo
r**
vO
t o
o
CA
o
c. vD
0 0
CV
•a
li'v
Cv
1A
1 001ft
0
v£>
fv,-.VO«
e
,-it
«
on
00
«O'
cv
4
1A
Cl
vO
V* ft
a -  © r $
J  d %f\ohC*i*•% Vs Cv
40
t o
00
CM
V
0%V\
i n
a
as
• r-*
<&?
4^
Cf
fv-j
f~v
fi}
♦r-*
o
£*
o
q
<s
4wr*|
fj
I
c*
33
tK
1 2 3
/ •  8 '  g  8  S .  8  S  S  S  8  0 8  2  R  8IE 0 * * • . * a 0 0 • a 0 0 p * ft
vO IV ; - vO VO fc -  1 0  VO O  vO 1 0 -  CO • ©  0  C  q p
OJ - CM CM CV. CM CM CM ■ r»  CM CM CM 0  CM CA A*
o  co. *- • t*. • m m o-. co as io c« «• co cn • 0V0 o  • CO ' 0. *3 • Vs J3 0- CO CQ CM o* • CV Ch* VO
« • « > « * » »  » « « • « • * «  VO VO .IS- VO \0 \0 ,.V0 VO tn  tr\ £•*-* «SJ «sr
fw2
co  c*~ c n  . o  v o  « n  • «*>••-• v o  <m ' . ^  t v  « n  a j  cv  r»
*z$ CM A* • 0  . tJ\ As 1A A* CV 0\ C.- ©  CM cv
'vS ? 8  v 8  VO vB 5 )  vB vg> ’S> ^  vf>
A!VO V0vO c***VO
&  <80 0 01A tA
CN vO O'- CO tt~ C^f r* O
VO CO * CM l A  XS CV- « -  j a  ■ 0 .  Oa « « m « 0 » 0 0 *»D -D' VA «CJ -si 4  v \ 10 10
2  CD 0 “ A* Cv ■ VO VO
v3 % % v5 VO-' 5) v0
5 8
IT, CC 
CO l> *8 «*
S <S
tpm
- vO
ft ft
A- o  
V \  VO
c-
fcr<
CV
vO
§
%
£?
o
otn
i ro 0CDCU COo . r \CV CM ASCUCV fe fe Pi §  s; i?!f\ -SX <•* <f*
COI
t -
.&***%
©
«
0 -*5
&
•Him ■D ih« 4*‘?S
O  l»rt
c{V CO '• £w 'ID  *' ' i s c tr . tfV Xr\ ir \  ■ 1'A ■■; o  ; 9
a o © o o O . © ■ <?*• O c*» c* c* : 0 ' v**. * ■CM * ■ ■©o
o d d p .  ■'.. © d c d c d ■d :■■ C \ . ■©.: O "
$ '
c
0
S
©
' 5 ,  
d
8 »
. O
: 8
0
s #
■O
o O " '-O '; : o  ■. ' o " '©  . . :o o '
8
8
o* 0
.0
? 8
Q
«
c - o .
8
c
S '
d
8
d
©
. IA  
c* «
©
CM •
d
■ m  - m »
o
Cv
«
o  •
8  
o ’ .
<S
«—«
©
(3 ■ a r * s e1 fti a
CM.
CM
t s  ■up* a "a a  # . 8 - 8 8
CO
*IT* # ♦*w ■ p«•» ■ «N» . «» ' «»
▼ ***. . CM CM CO
(t
(X! 8 $ 8 £
'. <n 
o  0 8 *
-c; AS
O o  . O o o ' Cl o
© .
«■*»ft O
■ o>' 
«— #
U © 0 ■ o O O  ' : © o
1? £ cT
CA
C^r- ■ 'S .
to
: VO : s
tA
CSS
s
V0 8 ?-.
to
s p
CCj
'■ 0'u
1A
CD
*3 d d d ■d
"■ ft ■ -
o .
. «
O
ft * # : . » 
«*»
»
o
©
P
ft
o
. ft ■: V* ■ d
»
ft—
£
ft* S ' 8 - % . ' '
' 'm ' .
8 8 8 8 ; € ’b
C*“
■ ■**•■■
t f \
CQ
f e <**■
#s
«**
0
r*» . _*»».■... r*» ©  :
•
O  ;~ d CM r - ;:cm . . - d  .;
g 8 a . 81'-
-St*SS w. «*•.o.- 8
CO 
■ «*" :
■ a-,
cm ; 8
cn
-c?
to
c~ K
.• CM
a /  ■: s 8
6  ; e i
*
s - 'vo
ft
IS
- ft ■ 
fs.
■ ■ •  i s 'v j
■ ■ •  ■ 
v0 '
-• • 
vo
•
SO
ft
v0 ’ d -
*
{S'
ft
CO'
ft
C'—
w
o < £  . 8  
o *  D
8 .  £  %
o  o  «**
F4 $  * #o o
&
c?
!K S '-  S . 
d ,  d d  ; d
*
CM
*
t s
*
CO m 5
a .  £ £  s ?« a •O ' o  c
£  £  S
e  d©
<S r^t
c.* <u.&
■ ft ■. * *to vo Ifi
KJ
CM 8
XA VO W
(£
* 3
D
►3
% < 8
R  R  8  S’ R  &
<A
««*
Is <3? v8 e?
ft * « .*© ■■© ■©  ©
IS  o ,  • «** s©
c d  <r» { S  ft—ft ft • * ■ ft\A W~ SO : M>
S  8  8  sft * * *m XA -fi? t!\
■ S  . CN Xft 1A-St CD ■ -r* ' S1^
\5 43. 5S 'S
4  O JS O,
■»■ «  Sn 8
o  ' *
<n
a
8  ■«
#. 5XS
SO
9
j S
A; COVD ft-
*  *
O  r -
8  Rft fttn -ct
a .
\ 0 to .&
C • ■ d-
co co
CM ' IA
ifs
£
«
.-£J
8  £  €
■ f t  - •  • ♦
<8 'S  .S
CO V 0  CV 1T« •  *V\ *ar
S  8
S  @
a
U \»
»
•S3
to
r*-#-5J
' 3 ■a«
^3
CO «£tft- ■ -S3'
■ft ••si xs\
ft
o
■ £•ft
<n
VVCO f»
S*
O'
r*
«
O
XA
r»•
CO
ot . VO «s o ­ft
•cr
5 . 8
%A V*
J& 8  8  s
fi\ ■ 8  io ' 8
«*» <gj tO ' v» '
S  ■» - 3  &
1 8  1
£
It
1 . ©
■ ^
£fth->
i i is■ w
*^*r.
g ?8
*-
©  ■ 
Sp
bf*.!
1* I
1 2 3
1 2 4
VH
p
■ *m5 ■
:P
■£*«
■ O
■ 4 '
XA.
.CM
O'1Ao
£0'
CM
o
{V*
cm
o  ■ o4voCss
■o€h
CVI
Otsj
. V* CM
CO
t**
• CV «vO
ir\co
• •  ■• vo
f***vv
a
C"*-
.84
t*-
♦vo
r~!C343pfw,j
1-2
CMto
«
VO
ts
CVS*
V \vo
V$«
•fcrvO
«
v6
O
vo
vo
O{>* ' *IS*.
vO
oc
p
SO
«*•4
V \
r?s oo♦
m
Cvo*lA
«***
HA
CM 
CM ■ * 
w
3
D
*3-
vOc®*
CM
V0
£
C D<n
Ovo
o:>fs*
vO «
IgWS* «•»v0 VO
-=rE'­en ■ 5
cv -«
Q<0
CD
■ *tat«£T
CD
e
CMSO
■CM
C O 1$£0
r.
CM
0
to
«
0
«-»4
0
CV &
o
bao
o$o
O'' ■ # o
o
c>
& 5 - eo
o
o
o
fc2 oo
O
O ;♦O
CM**"»6
0
o
m
*
■ O
VO0%«
ro
Os VO«
coo9CM
s&4. «*"•
tAO •8
)£ §  
|4 Q
. €
4t-
g  I
»  5
■R?C'~-
o
r*“
?*■*
o
&
V*
■JS»o*o
8
Ss
. . C \CD*v&
tnOs
**£3
X f \'O
l A
4e
<o
CM4
*
.*V
(*O4
«**
co
€***«■**
tA 
VO  : «©
&
a«**
s
o
e.A-*co
d
OsCD
. d
£#
8«r-
e? . * ©
f t
d
uc
/v
cj
«P
i
o
€•H4443.
I I
« I
■e
©
v? s
d
Ki’4© *©
VO03*O
css CO
d  d  d .  
d  d  d
oc*4
COo»*vo
v0«*>*CO
v0*tA
«-it
tS\
o  e  . * to
Asa;*«
VO
O
to
O
xA
S0tft
D14
VO
4
&
S
*
VO
p%«CO
CM
CO
»
VO
*«*w
■S
CO;
«wd*
CMvo
CaCD
v0
f3
fc3
.&4
CM
d
ti
I
3
r*
a
s
CO40S
0
4-*rr*?
1
<3
p£:-»
co0Q
$o
»,*•*43csf—i
&
1 2 s
1 2 6
otfm
04
8  ' 8  
i
*
X f \
0 4
<5s
m
«
« n
€4
S  & 55* ' o  fcN-' ‘ «-rC*\ CM U \  SO* » * * m »
?“* <C  f-~  VO t A  sO
A? 0 4  CM CM CM ■ CM
JV ■ CO
0 \ tTk* - * ■ *vo so e**
MO Ov 
O  CM
vD sD
s  s« •|S. jfv, XA vm «» ("*• «£w
j*s<»CO ^»
\S \
8 &
v" vo
£  I t
4  4
as 
. s
“I  cf v5
£
if-vl
U\ «~
**• VD v p* * *m u\
CM V \
CO *
U S
U  v5©<6 \ AVO■* mCMSA > « #€  K■ lA SO £*»"•co ca 6 «lA US
t~3
f t  R «
s’ 8 4
MOcu tc
8  v9
U> vOCO o 
•  •m  ovo vo
t t \  CM f -
CM - r r  VO
Aus ©vb CMVO
mOS*CVJvO
cn
«s?*
c***
VO
o
CMOVO is  r~XA »£$
Q CM © CM*5? in  ■ ^ar. «**•
CM CM «*» « *
£*•»
IN
s?
s
©
r-?r
k
I  I
r°ch
toc:>r*?
.3
s i
rf**-**
©
r-1rf’IC
©  ■ *^*>3
*T>?♦•* ■ s .
8
g
C3CJ
C3
,s
8
1
t; SiP?
$
s
o © d o o o ■ © o  , o O ' o 1 2 7
£
p>
a
*4 ■
|J3
• ** 
ts
ag
i3
to
p\I-'
Kt]
K.pi
£v»
O«
o
©>
O«
a
p»*
o a
O
f*w
o  ■#
©  ■
ft?©a
o .
o o «
©  _
©
«
■ O .
B  ' 
«
© '
: 0 O 0
vO
. a
«
o
t o  
. o  
»/ * \ . w
0 3
O#
o .
■ ts*- 
o  *
o
l A
o 9
. C  ;
o 9
©
*cj
a
9
o
©
C :0
«
©
CD
O
9
©
v »
•
O
0
wwsf
CO
* *
«**
im4
Os 
•- * 
<■«*
t vfw
«
«*•
mb
CD 
■ m0 m
■ Pw
w 0
r *
r-*
o  
* ■
cv
v o
-wfcj
90<m
VO
*
CV
'"S O
O s«
r *
COfvw
4 9
c v
<Sv
• ©«
O
. «&
«
■ o
■ r < \
• O  *
.. ,v>
Q \  
©  • 
» •
C  .
t o
«
o
■ a  
■«
©
a •
o ,
m
■ O•
©
a
©
CSS
-»
m
c v
9
©  ■
■ Os0«
0
v©Jw
«
p
■0\ 
t — « '
m
'P*-
«
• O
c***0
o  .
’t o
c -
9 ■
O  :
pJ^ w
#
. ©
.■ C-* 
*
©
t A
O*
«
O
0**vO
«
. O
OS
' ■ Ov 
» 
©
v o
CD
•
O
CD
Os
•
O
m
tr v  
■ ■ ♦ 
« * •  .
•vS - « q*m
t A
■9»+*t
a
'5*w»
v o '
l s \  
* ■ 
«**
vO
a
**»
i o
9
cv
«
C”*
ipo
•
& v
9
CD
fow
CD
€V
«
r »
©
V
«
©s
xwSf 
wD 0 '
CD , 
* 
A* .
■ v o  : 
0  
e fa .
m  ■' 
« n0 ~
CW-
»
IS»
e
4*
«
C O .
0 3
1 A
«
, 0 3
•
fw
p
t A»
v o
VO 
CD 
■ •
U s
CA
A f9
A*
CO 
C \  . * 
©
£>.
C'.i‘
*
c  •
0 3  
■ O  «
vO
e v
c
. VO 
CD
-■ -9 
©
M ,
■ o  #
c v
cv
•
9WI
$»»
#
r »  ;
t A  
o s  
# 
9“* '
0 3  • 
S 0  : 
m
O
©
t A
•
O
Os
CD
*
■ ©
vf>
r o
•
c o
8
«**
Os
0 
tSf ■ 
^  ■
t o
'<?*«
css
p*
\ s \  ,
XTs
CO 
**  '
ots j
«
OS ■ 
f -
N
CA
r oM^|» -
©
•
, * £ 30 m
tA . . 
0 4  
* 
fA
(W -
' P #
r**
OD
£>•
«
*»*
I^ W
• CO
9
•**J’
<«*
*■*
■CD
.«
o
v*<*
Cv,♦ • 
C
• p  fD
.a ■
• d
e—
c;)
•
o
A*
CD
.9
o
c v
r-«,9  ■
o
. 9
c
©
.'i*
c
04
VO
.,«
c
0 3
C4?
-9
O
©
a.9
r *
f *
.*
©
C 0£**
$t
V0 _
t v
V \ '«
V'» .
tA
c s  
* ■ 
A 0
t A
«W»
a
VO
«0;i
o
t A  ;
CD 
SD m . 
VD
a ;
VO
•
v o
r o
CV
*
vO
0 3
O«
O*
©  ' 
c 9
w£*
V0
9
»*C4‘
v 5
t n9
U s
w
C“•
%A
m  -
a
t t s
tow
v o
*
w -*
Vf\
1 A
■- CD
9
t A
O
9 '
w©
tfv
VO
9
-43
m
CV*
x s \
wtj
CD
*
t r -
o t0
1A
VA 
. A s 
*
t A
0*
OS
a
t o
t A  
' *
V*> ;'
t v
C l
e
■
A.;
VO
6
AS
V0 '
<s»
cv
*
t v  ■
. v o
VO
CD
%S
1 A  
CO 
- «
t o
V0
VO
O  
* ^
©
vB ■
t A
OS
<
t r i
04
•wtt
*
©
V0
4*>
vO
C .
O i
V0
o s
0 .
. *
css
V0
r o*&r
9
V *
■VO
\ a
CD
CD
:' (<•
Cl-
Os,
• O
o
Ov
-
1A
P“  .
■ OS 'C~s -
v S
■ m
1JV
U i
■ f \  
ls«
* ^ 3 .
cs.
t n
04
. ©  
*«43 
O l
03  
t o ,
04
0
matt0 t f
O i*w»
fhW
c>
f.’i
*~rt “*<4
*^*1.■©H©- «P
I? I?
S
£in
II?td ©I
©
CT5
I&^Xwrf*’
■©#*■*©
•S3
ir»3'S3•yf«
&r:
•S3
gfm?
Pi
*f4
■©f*-4<3
Nw*"^
6
r-1
ACl*
r»fdjpp*!
/3J
r*’ © O'*a r ; «0 fp  &H ci w  O'
■ ©©f-4to
•0
©r»4
*C3
©ac1tot*2
t.o
©
c< R  r*<
P }> r:f C-* b
v «j» v..* f/;.
0 to0 ©H r*?03 toM M
uA? I
' *"»V©|*5*^to c;
§  | -"Sw#*
to0f»!toM
•5'^
gto
to©r«PH
r*$f
5’to,
X 3 »
£SVvK . \ 0f t ,%** t V *J #
V0 CS *•*
CM cu CM
Mi
fttr\CM
M2
*ro
tv»
tvcn
.»VO
V0 .
«
CDCM
£■**1tA
cnCM
It
1
m
«5.
*»*»X
$**»s*A
1 A
CO<£«*.ft
ca
oto v£>fA•
(V
V0 lA ■ «
\ 0
SO«£*»*•*
vo
v 0
s
I
v>
<k
B
■ fe
COfe
8*,5
a:
#4
jC
«
m
*■»
-s>
£?Jv.
ft*<n
vO
kO
tA
vO f*” * »
tAVO
vO
fS
IV,ft
tA
o<**
f t .<n'to
tv
to
VCVO
fO
VO sO
t o
* ft)
t A t A v o
p«* o
AJ f A CM
* « >- * r * r
t v I V V *vO vO
CM . t o
CD $** • «-»
0>. ft. *J
ft. AS Q
CM
VOft\
CM
Ov#ro
vO
CO
f t .
&■ ftj'(
*J3GO.»
pO*oC'*-
v&
»*tAvO
a
C3
H
o
■ ft.©
co
cm
S i © MO MO CKi*-" Ch t o£*«» tA CM CO
|S»
4^ e» <vv£i
fc-3
f§
£-S
*3•S**
JP£-i
V  
■ O
P
e
4*4
tc:
ttC3©P«»*■?
t>T‘5&qtv
q*f”?05
f •'
I
-H.cy
*7‘fft«
$
£3
•q
«1*4
«
*r"j<0
CO
g
•8
TJ
CO
©
JSH
I
*P
8
m©ft**#
JOH
M
t
i
li
1 2 9
a
CM
CM VO o  . vO
■ t i t - *d £-
«*—
« A O Ov (w «—
* « e . • * « •
CO Ov CM <n o CO CO
CM CM c m CM CM CM
m «n . * co 
CM
Ov r~ ■
•tf\
O 
CM 
■ * AO
vQ
• Os
.VOtA
CD
CM ' c0 t VO -afCO •»*£? CM o.
• * • *
S'- o
«*•
CO CO
t*-' vO «1A
s
6&<?
ccPkoo
<■
CO
.
E3ft?
a
3?
JSt**t'<A
tA . *
tA O
o
> .*
50KO
vpCO•
-5?VO
•0\On»OVO
ia
&vo
f *IAvO
~cr
CO
-oVO
tA
0\ 
CV - *
CO'
VO
-a-ir\*feevo
CA
vO
“fr CM CO (n» O
Ov, CO, Cl o• ■ * ’ * * *-ar VO -a ■ ~a-
CO r** vOo ov CD► * > » »"■*. ► «o V'O CO
58 NO vO VO
t*»* <p*“ CO Cv CD
CM CM A- o*, ■*, *CO «Sj CM'' - Ov £>-vO vo vo tA vO
O
OnCO CMC- t A
CM
<T\ CO
vO
Or-CM
aE2£
0)
•s
o
13
«w»,
G)©*r*
s.
o
o. f*»5'.
r~!
I
1
■to
<33
© g -
* c
ID1
BCD
H
i *H
$ .
*H
fcr-25
CQ *
• {H| ^5S*- tr^
***
•FH1 «to
nd »cf »C52 £<3 © CD
rH •a
r~!
V*5
•r» •H
»g $r~<
 ^ it
fi-*V
sa©H
COH
JS»jp
b■0,p
8
CO©H
mH
•*3
t
.o
£-1Q
Mi
P a
1 3 0
ft
K
c***tA
vOCM'
©o*COCo
o
*1*0
CV
o  0* . V VO CV
- f t*VOCM
■CKvo*y \
Ci
oftV-.w>
ocn
t A'CDfeCO
CM
tAfw
«tnCV ;
I
f<r
<feS CO»
CA
«
f t
(feis*
fw.
o*{V
<nf t*
vo
#*<♦ 
vO
co
ia INc»*$£w
f t
«
<£
*4 ♦tA
«**tt*t.tA
OCM.«
.NO
' ©  cs
-tA
f t
tn
QCO 
■ »
- t A
vpC .o V \»
■tA
fO
V0S*0•tA
f t
Oc-
1-3
OCW
y*
«**
- COy  *tAvp.
s ,VC > #CO
vb
OJ 
© > * CM > *KO
VO-
■ V3
tA-> 9
if%VO.
f t  ■ f t  > * CO
vO
o  * #
D
<4
too
f t
V)
o©
v
■«-
o
CMVD
Cm
*,C*T
sd
s ©.
Qv£>
tA*>-ft*\A
OC;
■«?tA f tvO
4ft
*?5
$-*!
O'
CD ft?VO ft© tAV3CV
ft
tA
vOft* *'f t ft*©CM
ft!f t
.0
**■»«**
©ft
ft
©♦■if-*4*
$4*fv4-*M
P
jfe£« %
•£}
f t
c?*7!i5a
r«1
tI
CO
piftHrl*i**
■M
n-ttjjs<>
a
8
8ft©
f t
f t -
I i
r«©
1 3 1
VO so
O  ' O  ' ©©/»-,w
c
s
o
q:
4 5 ’ O ' C  ■ o
Cm
O
89
c
t_3
<3
«“
• A; 
e
o
© " o
CM-
e  
■ «
o
I ?  .
■ -ee 
r — 
• 
<»
pt A
•
CM
CM
T~
* '
CM
o
- a©0—
IX
o
«**
(8
o
fO
CM
*
o
o
/£
*
o
s  *! O 'IV  ■ 
*
c -
vO
o *
r *
.c l
0f~-i
Cv
e,-
0
O
XA I V
o O  .: « CV*« o  ' » cC o o -
CO A! VO
c
# O  ■: O
C0 0—•o c o
CO CM s£5
O0 o  ■ O '
o
* *o o O
o* VO VO Os ■ C\
r o r~ CO ■ O i
- * * . • ' « «
V— CM v~
O r - 1A
«-*
•
o • Wi' O0 O
o ' o c
OC o . O t v CVf — o tA vO <>,* 0 e * ft
e 0— - c . o o
u
fci
o
co
«£
t£
IV O ' «— CO o «— 0^ - -v o trx
XA Xf\ **-■*. XA t - CA vO A -
* 0 • • 0 * ■ • • ft
«** CM ' o - 0 - . <(— 0p—• 0—
o fV € p. t A *4——ij OA OT; r** IV*
XA IV XA CM po . tA VO mZ*t
0 « 0 « 0 « • • «
t v CO ■ ' VO IV IV vO ' v o ■CC.3 v o
0*“ c - CM CO - a CM XfV CJ
v o c v IA v o ^ z t C*' . vO c n
• • • «- ♦ «. * « *
O O o c o o o
•O' i n CM •r- IV O n XT’. CVl CM
c -O 0— c r - CO C'.• * "~o « « * 0 ' 0 e
CO cv e— CA CA CM - 3 CO CM
0— v~ r* r - r «— T *  -.
0—
IT, v o cv: Vaa r o Cv t n
o D— CO CO A* A - t v vO0 0 0 0 • 0 « * «
o vJ- O c ■ C; O o o
V tf> . S>» CC CO 0~ CM A) 0~f*y XA L'-- e-. *•0 IV cO CD CD
• » « * « • • * 0
r o CC vO ■ v o  ■ CO XT, vC« t n
«*• ■ t o . A" <!*~ CO CO c n Co
t v <?— t*-. XT'. c n C s Ov v 0 S i
* * 0 A .* * 0
- a Xf\ ■tA ' Xf\ XA t A vO ■ - a «—i
ofV.•en
vO
VO
fVv5
o
CO
vO
m
t-~
CD
On«
VO <0
cm t o
CM
vO
O
oOS
O n1A
vO
tAVO
fH
«
o
V cv o v o VO On 0— t v A?r o V- On CV CD 0— VO
CJ 0.- XA CM 0—
CM
0s**
I
<5
£r»
*nsf~! '
*v >■P ^
V £-*/
-
*^t
•£**
c*
r*’05f-1
*1
<7*8 *ts
6 J*No CS
fH jHr™ c
*j4
8T5t*'
#
m
5i9
crA'? P"C"j
*3 *3*•
4f-*jC,,
S-?
Cti
r-5
A,».i
c ;
C5
©
*-*
ICh*i
&
t
p
G>Jp
KJ
©iH
f£1
4-s
P
c
§
f2fZ
H
cq:O;P
e
e
CL
It
p
q:
eO
£
Q1*4
Dt-
c o 0 €  # 
' ©
O
o
o 8 9
O'
0
0 , o o € p
O
&«
o .
.c o
\AOe
c
o
«5J«r**
O
o o € «
©
ft-c•
o
o 0 o o
8 •
cS
0
ro
« e
«0_
S '*X3CO0
**•
CO
O'-*
■ c
8
tn
ff,ff
r».
Ifs'COp
r*
-ttr»#
0 .
cr?«5}
o  .
o
*■*
«
o
ro«•»*
o . .
ro
«•**
o . .
o
c
c v
O
£ ft~e- 1A
«**
O;. COV\ 8 cr
fAjy , - O'
O O
*P
c d O  . «*» d d d
P\
vO0
«“•
t a
■»
cv* ■
g0
o ,
fR»**»■
cn
err0
cn
c>A
o .
i \0
c» ,
pi'i'l,*
*>«
cr-0<«*
or,
xXj
?rr
VO 8
CA
tf\ o.
Ar
orA « 3
t o '
• #
t - c ? . VO . jtn CO CO
o-
Ol 8 S
VO^or 8 f t '> :$ 8 § O
r» ' #c- o ■ c  . d  . d >=* ; . C«>
£*
r*c* ■
<3*
W«•*
oc*»cro
<r*
S ’«
-ar»-
6*
•~t
&•
-=: . e~
a
AV,
0
■r*
<v•fH.
!•
ift.
r** £H O.=?
tv:C KJ
r i,C-v % ft-O'
CO
vq
<r* ■ a  ■
♦
• c r» «r- d ■0 c C
8
e-
or* «
■ tr\
O 4o 8
INxr*-A
oCu
vp
\x\
d . c r v5 VO V* d
w
-3 vT* . vo
®f
«»
<0? 8 g V0 eg 8
C>.*r~ <nvo
if*
*
ttv v0 m t t t l/ \ . u:r IS* , xA
8 8 s
COr* € S pXrr S 3•ro
M3 ■ «
0«n
vO s ■8 s ■£S &;
dVO
to
t—
<\JVO 8  ■ «-» 8CO
<o
\ A
«*•
8 ,
1 ?A
13 2
#vs
■ ?'.■ *r‘fe:
X*
K*
a  i
F t*> sc
1  I  s  
S I K
P  P  iffl
**'-» *v‘"‘ *•-• ■
. * i-***.•- - *«’ • *0-
1 3 3
o - o e  ,
*4
*
. o
cc,
O«
o
o  ■ o
V \
i=r«
o
cft"0
o
O
d
m
o a o a #**Sat** o o o
ro
CO*
o
1? ■: &  *
o
o . o o © © o
\ o
oft
o
COCO
is
o
i
&
t o
CV
CO \fS '
V s : § s
£^ -
CO
COCO
0
r**
ft
cv qm* ft— ft4M d cv ft*
1
&
c
O o € *
o
&«
o
o o o o
t2 »
£>“
3 ©
cv
«n OJcv s ; 8
*4 o r* o © ft* . O d o ■r*
df j &<a ..■ * 
<X!
:. Rft
C
8 ft
t***
&ft
ft**
1 <> &• • 8
S0
1
o
VO’
ro
r *
CO
CV
?«*
o*
£
VO
r ft
vO
R
VO
c***
* ■fC.
Ov
•
CD
8 •
U \
&  '
CV
o
■'■ cv
ro<r*
• *ft»
<^ i
CO*
O
s «
'O
CN
- 49 .
O
8 9
ft*
o « &
c
t; . *
. 4
«■*
o
r**
co
*■*■
£ ft
o .
XJ- 
«*£* *
«*>
Vf?
©*
cv^MMk
l f \
ft
Cv
cv
So­ft
cv<p»*
sO
CVft
<n
*"
ft"vD
ro
B ' «
ro
& 3 S 3
CO
* 4
■'CV
ft"
A!
vD
u 1
c
. ft 
«*- c c © ■ © «*" e d
■«$ ' »ft &
IA
a' . ■' ft • 
t*e* . *tw
CO
ro
*
. o» «
ft-»
£>»
CV!
WSfft 8
a
f-i
' K  
■ co
ft*
m*
- 4
t o
«*»«- 
i a
c<f~
*
ts \
* 4
C\ft
- 4
s
d r
CO
c ft
v O '
&
3
8©
« 4
&■
■ »
■ €
t
s
-s#
CO•
co
Vfi .
= }•
VD
*4
<n
v3
ftMw'
CVft
€
CD
•
CV!
vo
&
' P ’-'*A.
' 8
% ^
,p  M ■ 5
p £ ( a
CM
. CO 
- 4ft**
<n
vO
1A oft"
A?
©CO
I
&
u
Nfc t)
8 ^
fa
O -w*
f?
g
£3
*u: .?
Ti V.
<!< 8 c $F- !'
1 «*0! |
d ■ tr .ft-:-'-* «
1 3 4
§ *4<v
*■ r*» 
cv;
Ovt>*
■ 9$"*
CV
A0-.CV
is
*
■ co cv
CO V0 * * €KCD CO o IS*' >£IA o O '". o VO MJ**/
*  ~ ■ * * « ’ # * . » 9
CO • r«* - v 0 CO - v© 4>u»
CV cv cv cv CV c*s CV
<
tiV
m*
■ IA
\AjS«
t A
O
o
vcs
-SO
O.J«
CO
. £W OCS cv ■
C \
IA IA ■. c«w»v vO ■ . r „ . IS**# * « ****%' CV O'! w
CO»
o«**
<0
ft'o►rHJr.M
P*oo
8
cv rs O IA ?S* *sf
o\jfS*.
•'O
*• • *
. »*3
cv r>- .
o *©►» ?
vo a
VO •o
' o fw
. *^* r*» *
cv*
A O vO
vo
•
CM
vO
- * *#
v0 ■ *««3*
, C  " -CO o>•-# * * ffw IA *!h5
CO ’ Q‘v o ■. «0
. *i
<5
CD*
-3
O
CO
IT*
VO
f •'
XA
Os sQr 'O
> * ► * ^(O «*•t*. . v
CJ
OJ
- * , •Jw
vO \0
CO O cv1T\, O",• *
1S% VO
O'- COcv O► * ► ♦
**s ft*.tK
V0 CO
O- «r»
• * afH-j cv COU\ \s\ vO
CO
s
Cmo
Iff**vo ««•o Q\ 6 coV 0 CV ***jl A!V\ C’> CO vO
..wv
.pa
co
< 2
0
O^v
O c ay»t
.©
GT
©o
t~i 1.-r„. * fx>-
V
o 4 ' po . 0*!"*?
a Pi
4^ . *Pcn to m
* r s • r - S
P P; P
p..o. o CJtr>. Tl
6 . . B r.© © ©
. p
P
I
y*A
©
tH
C!
b
V-* v»^ -
TJ *d
P P c.« CQ R)rH r-f H
P c: P»rJ •r-f «H*0 CJ«r-i A1
XI • c,vJ; A-p •P •P
p P
o o C»£.'■« r'.J fS*
Ha
<P
P  G“*
T*
P«
rMP*rf
oCO
©
$
TJ
&
•a•H.CO
JO•P
PO
CO
J'*"v
©f**?c*
Ifs-jw
nDPrjH
5=
A*p
PODC
il*UJ
PI;'*4
V)0)
r-<CO
H
,c-ppcp
■ *•«**
. © ■
H
*&
%***#
ViC)
HwM
,c:-PPc
0
(*■'!
0
nffl
V**
woHto
H
-P
IPcfro*-
1 3 5K
H o O ■c ■" o © o - © © o © © ©
e ftc
O. ’«W»e■°
o O © © O o o o © o
In f>th mCD ‘ .&■s 'mC0 vo CMCU B is.mft*«* ftr* .• O , © d. ft© ft © «* ■ v*
CL
&
i A  '
o o ‘ ©" o o © O :0 © o ©■■- ©
It? IS»'In- 0S<W» : ■vp n « mCO . § ■ m ■ ftv ■ AHi .#** ft 'c* . rn ft ■-■ y m . ftm. d d CM d ft ©
a
1
CM*o.
' © f*®>* .O'- *o; O © o .o © © ■ ©.‘ © ©
g # p 8 ■ s $ {S»CVS CM•CO © -SJ© m5 .v©' :■ n* . ft-sr . ,» J s - IT* t Z CO in in d
1: f
Q-. 6. - O
tv.*0 . .
o 'd ©
< 3•■o
•:©Ox‘ A**'v?T—
t** *CM
cvrc<*.ft©
#v0♦*
S'• fto
& ;
c ’*» .n* *»
. *0 ' C-’.« fW . y.
■'8
s O.«?*>, A  . «•
m«*»«. vo .r*.
inCO
8
p Xf\ • CVJ 
* »  -
<SICM. d *•
tnV04CM.*•»
n-vo4C1*-
¥2ft
CM
¥>
<r
g A■ c.
ftft■ °:
p-*■*;•■ o.
Os«;•■* ■ o
•*£f•«•» vf"d. ■
©. f-». ' •. © d„ ©
■ p
»o . d »©
*s s•IA
v0. O’.' *■ -2
, <nice . « 
m
fe.*cm ©
v.0n? m©. A
,'CK »«. <w
'*"»»CO ©•■ CD ftCs.
£P
A!-Sf•-=J
fwm«
r * 3
& u \«W*~sr
.cn«V0
■Bft «•-5J
'*0-4■*sj
8If*
cn ■. in # ev0
Sift*sr.
0 o.t-yw» VO 1«nvO 8 CMCM JS vo cnto v>*c**|0tP
$ ■« ■fryno ; s..s S tn• VO
fttoVO vS‘ a dU\ fnvo
5 J *■* ■v£Js*» s■ r- 8 a w
C--3 ' nj in' <n . ^!IS. «*vO
vO
$
♦rt.
fmnf ■
S
a.
M
£
£
$
jS
s*
f»4■ cn c> ©
o 'd 1<l>
*w^
TS 'd T>C c? Cra CJ RJH H rH
5 a a
f  . s
A;
t 4->{M +>s*o O oS3 ■S3
jHt *'*"'>■ra fi>
a£.^  |*»*
p  pfc"« til,
V*#* ******
5
gcr
I
POer
<o
p.Vw*—
TJ tJ XJP ■ C Acu cs r j
3  *3 £
£
.c+ j
po
IT*
cn to to
c c> G'
H (—1 H
to to to
H H H!
,C ,n4J
C
l
e o
^5 r'“-
1 3 6
VO -3 O A3
3
tA < 0 Cfv CN vO . <n
«*** VO O IA ♦#*■ O'. O CO . CO |fwr» **•
* • * * $ • * b « b
O’.
* »
-CO O’, • “LA ©«. CO CO I*”' CO rv cv
04 •«M CM * CV - CO Otf ' ' ©». Ca ■ W  : . CV m
co­ <•*.- m « o £«•» c*-. f "; VO 'O VO : %Ps c.:- . -yA
€0 CO © r r*- A- eo v6 V0 cy <*«« « * « • 0 ■ * c ■ # 6
vo ij£ *:■ «sr -d g Jv, - VO V\ A>
co
"s.
oo
q: O - If* \ACO VO. \ r \« *
V\ vO •3
lf\ ■ -Co . O  .
>. « r *
, *7 vOVO \0
iO cb CO
vo CO
» , •
A'. fV OVO *|A vo
CaC* 
> #
f-'-S<w
eo . co
js*.f »GO
- XS'\ 
I A  a-SJ
CO
CMVO
OCM,•CO
crj
ia
vOLj
ro£««»
v \
lA
C *
V \
vO«•*
■CO"
X S\
{>•vO.
•Zj > «fOO
V>co
fc
ay\A
CO«sj
o  ► * CO
VO
CO
e{V,C
iA
■vO
a
CO
IA-SJ•
O 'VO
X f \ AO
O'-. CO
* ' *
• f > " v C O
CO r~
» p * » v O
* * >• «
V O
v O ’ > / . )
vO vO
v5 CO
* *
cv vo
VO
IA
C;
IAC
43
MS"i
C**} rn«**
r<\Cv?
vO CO *•0iix V f vq**u*
COCO
-r—
ro
jX)
£■1
f* * * . © '© cf5 ©© . C) © ■ (ft ■ p«4 ***** f4*? C3,r ; *■* r~j f t Vf; m a0 0 fH! t- P*H g o  ^.. f- P bf! Vb* « w •v « ,» t r ^ Jf.At G» ***»-*OO 05 nrj
O A © tiCj r-. Cur*? f-5^r1 4"
£ l G C'J . r-V ^d p 0fH
, * j |
t/.- b cr
b ,S'5 O
0 »;•.•• ■ V‘ < -P
K Sm ■ C>
{“ i p b£3 c * 03
*««*.
©
*****
©jp**S
a
b£•w»
£ 4Sw.*1
©r-i
is
'-E.3
a
©
/**%
©
*?
I
e
4
o
»
©
ox ” *
©
e
©
ft
©
« S'”~ft
o
o
o
o »■ i0
C
© © {""V © (0 c ©- O c o o C
fw
©«
©
© cu0
©
£■"»
«
©
C*!
4
O
CO
V s•
' ©
«r*a»ft
©
co
«
©
o cu0
o
nv
co
- 9 o
CO
©»
cu
CJ
*
CSJ
v0
IVe
m
v0
*>
C;
«
CU
o  
■ £•** *  ■ 
c«*
£*~
cv4
r *
COSO«
o
QSO•5—
CU
co;•
CO
©•
<0
K* %t-*-i
v<
© o O Q o o o  o
co  ,
u
*a
OL
• f i©
if"?8--i©
CO
£r»
?«
o
o ~i 
-c i
o
ta©
r - j
f;3O
3
o
£3o
M3NOe
©
•corn
jv»§»*
cSO
•cuo
& -
NO.4N0
<nJw4o
IV«"*
aso
O'm4m
»«e-\
mv
4 0tof*W*
$•;J>
( ’•tv
o
C\
vo
O s
«
O
$
•o
COo* iv£•**»4
GOCUft
ox*
voI"
toV-
»
©
CO
In%<!0tA
m♦OsIA
©H
cuto
lA*£f
Pm
*
COvo
*
©
inm.
y \to
to
CU
•
o
vO
v?
#4~s
©
I
s©
vO
-SJCU
vOft®1*
vdft
©
V
©
CO<n♦
sB
cv*
cu£?S
tV V3 
CM CU
£ > .4
ro
co in  <o \ s \  * *
t o
«
cuvO
*5f NO<o 0 ..
<f«r
CO
in
m
©
vo © mCO ^3 e~>« « 4CU CU €\J
COmCU . r»- e 4\o  o
<**
COCv
' f t
CU
CO
XT'-
sO
c u  i v  IV CM • »
©  ©
t o
to
©cu4
CO
CO
X X \
*so
t i V
ft*. ' ©J>#ft ■ft ‘'ft
© .  o .
C O  . 4 «*
Jp**IA
CMVv,
lexcu
4
\£ \
vO
C j
Xs\
4***IV*
O r*i
H d<~> ©« O.j.'j
c4 f l Etv, fS
*v.^ » v .j-
pio «
r-5>/’■
C3 O
C*
C?
C.Jf<:
or~i ,fc
■ ne qtiO o
■< •
©co
cu
eu
«
O
ft\ COIfi ,
*  *
I V  C O4*«*
C O
O ©
CU1>4
V1.
*2rvo
©
CO
©sCu
VO' IA ©
O
4
IA
sOIV
SO
to
ITS CO«o ^4 4
O  j vCn V\
vO.- IA IA ft**
©Vf
© qr*"l - £■•?,C3 . iP
t .
n~i fO
I A m 0v
4 * ft
© o o
4»® , - 'v cu
v * OOi l / s
9 • 9
«*» ■.V~'- c -
\ 0 vO IV
v v CM CNf t ' • ' ft
m •IA vO
t - CO : p*
-O . SO
0 ' • < ♦
4** r ' ■ O
CO . CO ': ,fV
oV i o i’vs*
. - . 4 9  ' f t
CO : 0 \; c:>
<?*« i T— <fr*
Ov:
s o• CKi ©
© °
#» Os : c 0
© CM
9 • ■ 4
t f» CO CO
n o U \ r ofv . O'* n o
» f t *
CO c o CO
m s o sQ
ST? t o
* 4 9
Q CM S 0
*© - s o M \
4WV? CO
0 \  ' s o CO
***«* ©
. *"> ■ t om © G
«p
PG-< 0  ’■* fc-t
Gpi!jO
■{fi
V ?*rt*la>
OC)
to
1,37
i
snm
B
s/rnxn/im
m
i 
%
138
VO
m
<-5? oCtf Cvj
c s«
N
CH.
Cv)
v? s '
~£r cmCM CM
voOn VC?« »
«■*» O-Cvj <p»
UN *•
. S '  &
*k| 04 >°«-» C.;** 0UN *5f
In
Vv so
t o
- a
o
CO tA
Cs
CO VO 
CO 
a aCs r~
CO OS 
r» £**“ 
* a
C O  C O
J3
cS
c2
0
£«*»
u \a
A;
O*
SO ■ C- CS» .
VO' ' SO
0,1CVS 
« p JV COso vO
t'-
Cl;»
e:>vf>
O
tA6
<Si
vQ
Si °
S  «
►a
oc
t»«2
IA SO
9— t-.-a
«£?
UN CO
4 . SIA UN
C*5
kA* 9
UN \S \
n a
£*«•jO*
a
UN
0 “
UN
«
t o
'A?SO C-- a * to ro
D
1-1
*K S
58’  8
i^ -rr t o ■ O ■ t o
sO CM C - •c-^ . r * O s
8
t>.
UN.
e*»
vO-
c *
sO
CO
s o &
CMa
Os
o
lo
s  w cvi so CO U\ VO C;-r* v?-US
o
A- CM
,,-^ y rK
c:;;j so
On
• j
r.a
l:t
rt;
e*
o
t-**
I
1■c&
a
ci
a  a  
t  *•w  v.-* 
tH H
n  g
£?
5«r?
R<
..C
. ; j i
'd
«
*p
g
§•a
r;
s
C* • M
•g t"W v*»-
8 8
s  n
«J3 
1? £
!u  i‘1
f a  p . *
CJ ©a
CO
(Jli
o
o
o
O €?
XA
O
cv
O
o cl o
O ■
c o
o
o  o
139
t§
cv-St tf*.*o
s
©
CVIft—0o o
1~-
m
c s•
■o-
.5 8  .*
O  ‘
s »
OJ
CA. - a '4gM*
s *e**
C—..\n  ■ « a-*
Cw«*-*
aCM
o  *A
■
V3
cv
&•
ft*
K
t^  ■
o o
' cnCM
c
o 8
d
* .•
,_o  ■
o o o Q
V\ . ***# s
ft**
VO
cyCA oOn £ *
!A-C^? VR CO .ftp* R•ft
*** K*w ft** d o o d •ft" ****
a:
g
t i#<e»
*53- ' *«" ■*
r*
a aA.?
v£>
OJi » ' 
CM
&.ft
<**
ft
ft-
ft*"
c*~»ft
o
' p i'
o
#. ft- . *' ■&**
1
CO
.-4
fw
\S \*
•cr ■
e~a
CJ
C~IAft
CO- .
LACxi#
v.OtJ'\a
■ .SO
CAXTvb
: -SO ■
CA
Os*
ca
fA
A!*: c**-. »
m ■fto
. -Cj .
■ft • t««
CV ■ft
o
.m  .CM• * .. 
<r»
<\!
vO*
' C
■ C5 ■'.
'*
C
a.*
o
. <n -
-53ft ■ 
ft**
»
O
S
d
SO
vOco LA{/** CSCO
«*»»** Cv5 CMJ 3 -53'ft«* 8
<n
%
CO
ft*"*
ft
. © r»
6CM«w fA ' «*«
CA
r*
♦«r~ c~» CM vd • d
<4 - r  d
CM
■ Ai
A>
CM vr»C*~
t--
CJ
CM
c:,:> s s
' VA CA c- -c  . Lf\«**tr> ' ?► r- o © (T* d d c d r« ■ d
« & xr\LTV 'A
COOx ft«*O-
?*-*•C-- R
«•*•*** €♦ .CA
£ &
-5?. IA Vf) <X-; t o d■ c** • t v ;
c*-*
i-i
LAr*' * 
* zt
§ o
' lac*.
e
V\
cp
in
IAft
1SV
R0Lr-, £aLA o«- .LACA fs*M3' ' O-CU 'd
A\
tA *3 ■''■ vo &
fA- r^ *-
***
Ox Cft*»A
*n
CA. m i f
ft**A1
^  . $ ■s p *5?vO s '• 'O &; fR i .
0  *5 
0
r~
-£?
\Am ITx
CovD
ft**
cC*'
«*•
8 -5TCO %
o
CM
sO
fr*
'v.jM*
a
8
r- ~ P co i--
.w*
ft* * 1*
•es ’“i 53
Jl *rf ^t> J Jb ^
$  $  $  ft
*• t  ^  s
• *Wr
151 f
g - g g i
£  5  ;rr >
* 1* * *hl
W ' W "  V
I.
to 
o
A*cv - n w i< , : h  ,o
E
«;»
CO
&\ »R 
f &
O *-■ U  J.
& & i;
P - I R
6  6
1 4 0
©ro
iS
<i~ F O
«c
::v ©
CM- CS
k  $
S
O  ®- VO CO VO CO CO ^  Ov
W  Ov -Cf V0 CV! CO NO VO* © b - •« ft ti * # 6O' - ' 'ON ■ -S? ' t'** tA Ov ' tA tA
CVS CU CU <X‘ CV! CV CM CU CV
IA o «o Cv: CO tA U\ vOpm vO cv NO ON HA *^4-* * e « « 6 * 6 6
CV NO VO CD CO <V!<S“* \A VO
ss»
CD C3 VOVO J2$e\ • ■ 15 *£>
Os CU O cu C-> <gM» o c~tn ON Cs 3*** .o CM CQ6 6 • 6 6 6 6-£j Os. VO CU VOvo VQ vo ' vo V0 VO VO VO•» P7  es voJit CO wf“ uS . «a
Ov p  *“<— o  
v- 'p*£v 
1 v *>
to  E i
e s  ■ ■%
e >Hi 
pe BC P* ,•a <d
Cci’iO *. • IV Ov 0- . O  O  NO lf\ XA
«C t*~ - CV v**' *"* O  f>  CS- t*~ r*p3 6 6 0 6 6 * 6 6 6
&  *■* «cf CK Co tO  o  VO Q  t o  Cv_  V© i n  . VO AO Vf> xr\ v5 VO vo
IA cu CO m cu W Xf\ cu■o- S®* j(Ma' c**- 'tfm vo IW« ft ♦ ; 6 6 « 6 « #cu IA vO 1 CO w CO
tv CO <£*» CD €U CO CU «4. »«•*> COCU e*» NX) Cs CO CU fan UA8JS*> cu <*** pm . <r» o<r* CO
C\ tA 5J-MW cv CO o tA C“" ■ CO•^Mk CU CO <o -sr to NO vO(X C\ Cv cx Cv ex • O, G''1 exV  . c* Vn> *•» «-* c** r - pm
t < ■ 1 ■ ■• 1 ' « 5 8 8 t
O VO A! c'« P VO cu<M CU to to tSN x s \ voCv CV Cs Os' CS *Cv Cv cx Ovpm <p* *» . «■• r~ R^M T*“
mVO£>.
f***I
c-
C  V .
. |4'! 
f- ^
p; ft»
Je£3p, t'-t © £-*
j*-:
**:
CO
Pi
■CMCV
s
C- .© r ’- © <5
cc
t'pt-.- O © c © f-U © o ©
CO
C.7«
o
c - ,
«?
©
©  ■ ©
CC\;B
©
o o C''1}
S,a,r
COIfM
ft
©
£
■ tA  
'in  © 
CM
*ciftco
COCM0Cu.
o
efpt*»
> „
Xf\*
tA
e
o*
<A
C“a
04
C\ • Xfv .«- w**-
<VJ£}»Cvy
a
r 1 o a © v-» © NaH* Q
VO
©
o
co©*
©
h
/*<*•w**
cs,
«
©
VOtAa
©
i«i
c
©
CDOso
©
Is*
\Ae
. ©
' r ^ - ,
0
©
|JW*
CO
«
Jp>*
t -#
CS
a*«3 
&* ■o
CO*$**■# s
. .o
SOti"!J9
«nsO&%<*»
tC;r -o
C'
v£>
«
©
<?*«»
eu
-ft
o
!•*» **«t,—*
ffl
©
cvt
O*
ro' to *
■ vvJ $v r*
On©ft
CO
CAvO \0•
tv
CO.0
fr-
VOvOft
v£)
Csso*
vO
*A * #3
&
V0
*’*6 ft’tp*
tv
»<*«•
iK■»
©
«*•
O0
CM
vp 
. vO «a
ftft
■»<r»
*-•> *—M£■-
ft
.©.
*‘-tl t rvo*
t***
v0*
V \I?**
*S S V0
ft
coIp*
SO 
CM *,
O  '
««*
•
**cr
sfs CO a 
04  . **»
m%S'\%
vO
'T**
ex^tva
ro
9«*CDft
ro
«s£C4
fH<n«
c
CU«\s0e*.
© o
COC'*~«
©
Os04a
©
o i©v0
.C
*5*w»
'Aa
o
t*C'--»
O
«sj ♦
J^h»
COCO
to
ft
VO
Cv\D<&
CD
l£\
V
vOcnaCs;t**
4*r- IA .4
u*>
csJ-v*.- -.4 , 
1-0 v
so*
sO
(X
s-4
K.^
0
Cm
CU
*
Xfx
to
e
VO
CO • f*. 
4cn
02v—B
IS-C^-S*0
If .
atwi'flm
Xf\vo CM
*«»«T
*4
s  ■
*
so
fS-‘CM0OstA
coD~
«
covo
'  ao>
sO ■
o•O
s
O
*
\Q ■ £** o
■ s  -
\r%
ftCOvo
t o
ft
euvo.
•3
f i
C|'
t>
g
Z'~ CO
<\J
*?**
«*•'
c3
t o
C“
cu ■ 
CA 
«*•»
m
CO
. €M
CM
©
<r*
CSJ
U \
' CO
ft~*
tJ’\e,t
f*«.0'\ c~\
Cs
CK
s:?CS,
C!\U's
c*. voC-.,
CC-
VT5
O'-t— •■•** c®* «•»
f 5 t ■ t t 0 V 6
****;.0s•;
©€\s
0's
vOOi • Cv£U»
CM 
. to  
0\ <r»
Vo
o-.ipw
*0.i
C\• c«»
.©
V s
C'\
p»
v»
V \
Os
r'*
CVVOfA.
c~
1 4 1
1 4 2
fil mV*..’
o . f e
Qtrt
<fc^* y
tti ■ *5sJH
*£
O c  ,
f i «o
>
l:U
S
VO' m'CH <
$
O  CO ■ « -  . ■ -4-co ■ © vo ■ • so« e a f©V CO . t O  IACM CM OJ 04
CD CO -' ;UVCO -• ■ © CO - UY• ft ** ■ •:
I A  VO CD V |) : '
h CZ- 'On .<& ■ 00;*tc • -a *» • • -;•R © IA ,• t'-*- :N-v
£ •  . I>» V0 V© • v0 r
f -
i> • VO tA ' iK
QL t -  ' • . CO • - vo-
*•> .8 '
CO «£j- CM i_r\^ • • © . . • «£? VC) *-■ft a 8 •:♦*»'. \0 •. 8*" A! CO-
VO VO VO VO
es ■*|3
^  .. V0 - . «ft» ,£j'©5 Cs ■ ' ■ ' IS- • **
' Cl ' ' CU :'■■'■■ ' . CM © '
Oftp.’
<A
VM
&
ftsS
C-*
«&
f t .rt
d
£ -IACv
f»
VO
tA
<1\
lf\
CO : 
IA
©
****
voOv{*•*»
v5'
£nfc
vOOs
f ■
V0
M \
OX
«-»
1 4 3
u,
EM
'■tC
,-<M.
It
is
P*
|d»
3
0
O-
m
■ I  
&
v5 CM©05 ■ . ■ . ' ©
f ft W f™s AM**»* , A - *:>*
o:
o  ©■ © ■ ©
. o v  ■ ^
O ' <rJ ' ©’ c£
O ©
ca . tn vo C\
CV C \  . « # ■ . - ■ ' . •  ■ I A0 ft • 0
HP* ' ft** ft*“ ft“*
CC CM ■ ~£f V0
P  S  S  o  S
«  O ' © ■ ■ ©
. lfj\ ’. f^s 4p*»cv : v 0  -sn
a ' . » e ftI-M . <*• '©
fO t~- CV -it« ©
ip*
OC. C\ vO CO ' « £ S
CV'."' to . ©  ©
O , O '  ft— ft—
erf . ft ts- o  - t o  v o
£H. ■ re ■ M3 . CK • cv VO£11 tz . ft * a • •
■ © . .'vo VO v o  vO
© ^ cv ■ V0 vO *rj
Ctd ft*' O', CQ© fc--l <v CO IT', VO Ob? to » » a «g-t m ■ *» V\ • • CO to
f—i «?«» <s*s» <** t—■*t: is
■ ■ . . ■ is- ■ © -si ' <?-ft** icC • ■ ■ vo vO IA vOvO VS £m « • * *©X ' O © * ■ © ' ©e— i
VO *© CO
i n  is -  r o  cv  ■Ox < ft « ft ft
t—  -A’ *A CC tA
IS* . . v o  to tA
a  . i s  *cf cO' • v o*.<3 * « * *a*# *4' ft-*fc
at**# «Mk4 «M*p
t o  - i t  cvr i a© *ir . ■ vo a-*a„ f t  f t  . V . f t
w  vr> «•* - cv toV-D VO vO vO
O »? . *5$ v£> ■ ft*#>», £***> c«»
cm *cr . cu ©
IJMft
fS* C \ qm> «mIA IA vo vodv • 0s Cv C\
4P** '- i^ W*
V0  . - CO ■ • • .©  . -V0 '
ti tn IA v5 % j\
k £  ’CSV- .•■ Cv ©  Cv
. On t ~  CO ■ <A ©  VO e—CO -=f ■ , r -  ONV- ' TACC -d .lA V O  *~
U ,V 0  U s t A  I S .V \  vO N - A  c; <A O  nQ  "LA CM f A .c r  I S
V-;"> •  « * » * • . . *  » •  ..* . » ■# » . ' • ' *  • > . . • • ’ •  •  •
65 " - ■VO IS -U s  : VO S ~ n 0  t - U s  fA  c© < V ©  N N P - -  . TA CS U s ©- J 3  ©
H  CV CM CM cv  cm o s  c v  cm cm CV CV CV CV c v  CM c v  cv  cv  cv  cv  cv
■U
O '  .
X2 .' • .43 O V O V O  V ) ^ r \ C s  CV VO *—• r~  NO - 3  O  U \  CA I S l A
S  ^  tr\<v» *n .- .- a n c o .o a O o . d~-.v d .cv<x? cv m  . no t o o -.*- «a , sj
AO r * l A  , U .  C V -tfD -C V C V  ' t*~ CM ..CA « -  t~  A  C U .W '4  « - t*
■*-* c\< r -  «—
f j
"P- © V*
cv X3 . 
v o  cm cv
• 9 •  ■ •
vO v 6  M?
" C T Y O 'C ^ f ^ ^ J - r04 t>- o -sr -r fA ■ ■*■■• • .*.*, '* 
IS-VO CD t'-CO'tD VO vO vO vO vo sO
r-  ©  "IA -P -3  On IA r-  On IS* O «- * . .* * • • * * #
<d  n * r~  c . . ' i s  
■ VO I S  V0 AO \ 0  v o
O n  C O  C  U » . 3 ? C D  VO O  O  r~ is  tv ■ * . * '# ■ * * *
VO -r3 «:.» C*»CO'--On 
VO vo vo v o  vo vo
■ ■ c
. . .4 3 . 
. CS■..‘ n:;
. < t i .r ©
u  rC O  to
£  H  Idp=i.
ft? t i ,
j2S
H
«rj
fef
jvr
o
pd
WP->
v)
H
g
i *
■
MU .
-
i
C'
U \
CV
ro
' g
to
«§.;
• p
.65
" C»—J 
P5
;o
: f>, O u. "■ rA fA ■■.#.* * CV CV CV 
•.VO SO vo
04 VO V0 
IA fA r~
• CV U \  JS- 
VO CV <A
p: toA- P., ■• ■ U . 04 On
g v . . CV ON |S' ifr . » *.. *
to4-3 U \ A - b
P ■■ NO « -  t r s© . © •Xi •r! C cv -ctaoCf x> te, U  CM CV
Cd 63
Pd ;,.
s - m  r*~
f Xi\ Cw CM cs
m  _*oj v o '. »S 'T - O
C ■ W ■ CS fA 1»\*- *b ■ C wj D“- «— ■f* fS:v.f ' '« ’ U\ r— Pw
'*'• VI
■ rD
o f l '
cv  t— u v  
o  o  cs. 
O  x arU Y
A C  V  .j^PS'co- 
t™ r -  £v“— c o  m  
• >  • # ® •* •
CV ONO v o  N 0  V 0  V 0  v o
t"* NO CO t~  "UAV*. CVO S X f  O  CV nO D-NO G„
C O W  O’ OvVO 
1“  O  TA VO VS c>..f • « * * •1AV0 -=f VO.VA.3
CA O  O
o v o  D~-VOVsvO
XC? C:«~ O ®  r- 
C4 t X3 ■ O  <S- «~B * « ' * » «
vO v s  U \  V s \ a  c o
NO E~~ rs. CV US.CS ‘ A CO■XA C>
CV O  CACA cv  IS-. 
O  O  CO A C W  
.CV ,<e~ CV t ~  .
f—}
I?l>
'-SJCC'.VjD o  - O'- I A  
go  x d  xar a . t a  q  . 
* • . • •  » * 
r - X j  O S r*  CV <— 
v o  vO \ 0  nO vO VO
<— a -  i f  s c o  A - a .  -A (SO O'- -O C.O _0 <Ar-X?t&,CVJ ta■
MS- 04 O s 'J S V x J Z '  v£> VO -4S CO vO.«- ■
*■■■■.*■ * * .,*,.#■ .vO CO x3-.V\t/\ vO-:
OU\lAO VO "LA
-O  cv  TA co  CM t o
CV \A V O  cs ■. 
co Js-x^Xr\ is- 
* » » • 
C V ^ T A ^ ^ X f s
IS- CV On '*— * -  TA  
*— *— CV VO CV CA
O C . C  D—SO D- NO CV D-- CA^\r«.
oH ■
£> rc©
r~«»
H
■rjo +?o4-3 E-t© ' V™-'
H  ' ©  P C; H  
Par-! © •
COO
o  ,cs f j ♦H
© . 4~; ■ P- *r?
r~* HCC- ■ ©*»*?•■ • OO , o
S3
H P p© «e^ © 4-r*
'd *CJ
u s f—4
65
K H
©
<<3 © ©
© P G)
© C  -P p I© *5 s> PH © •St! © !h •r? ©
r 4 cc P H CU
£ 2
B;-’
p
r-»
CO
e;fcf.N' «r--CO a P
H
©
•A^ w U H P
O •p o 45 c 4 -J 4 **
o ©  - p  f r . © © o ©  P  P ©
&■-■ cc: © CS " © 3-S 6S to ej
© o © p c  • ♦A © O ca P 'W
© rS c ■ O © •P O H  © ■o o  o
Fj to © ' »[—! p 03 O•H * %-i I— r~f -t-4 •H X3 P jr t
P  r—i 4-* -P © 4P 65 p 4-3 m 4-5
£.1 p © 4-1 P C t°"“ .© p
© © , o P s ■ ^ © <S O b 'Op** O *2rO *&c H  CO ‘ CU © )Pl»#?5; H t o
•Xrv.lA o  o  : * -  CO 
Ai r -  O MACV CV• • •. .« s *
CV ("••. fA  «— CAXA 
.vOM/vvO sO vO VO
-tj O *— C’- —sf Is-CC“> CV r- TAtAXA CC. S-DVO O.'CA.Cf
T A  O- VO fA  O  OS r- Us Uv O  « # . • . *•;.#• 
\A \A bXJ1
fAUsx^ 'Xd’ *- cc 
VO OA «c; a s  t a  cv
av'-sf S C ro  O 
NO A s O ' i A  D - O  * • * * * •
E~-VO VO IA VO 'O
O - I A  O  < A c o  ©  
O  f -  c c . fA  IS*
CV *-. IA  * -  VO ©  
S -  O  U 1 A  I S
©r-'
■ ©
CJ
f5
©HH
•( -< xr ■4-3
oo ■
©
C) H  C Wrp4 «-!
C H« l~tc.> c  a,.©
rc
o
r*
©
C -p•O 65
as v>. 
*V
c
. -4-3
© 4>T> © O C> 
O ■©
■■ ■©  c*
J-f ©o ©*-.a A - r'~ < -
Hrj
b  *P|55 ©
■ i*j
u  ,o  
0 < O*r<
14 X3.© '**4>
■ *P ■ P  ■p O' 
H  zn
TABLE 25 PATTERN TOT PSRSEITTAGES PER. DIGITS
. in .ahb** m  m m kiA
1 4 5
(N-1002)
■■"'• : •••MArchV ■■.■:■ Radial Lcops Ulnar Loops Mboris
DIGITS " : UO. ; No. M / Ho. ■ i  ■- No. r*9
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3 71 12.07 10 1.90 763 12.29 158 . 5.95
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CONCLUSIONS OF BFREATOGLYPHIO SUE7FT
’ C o n c is io n s  fron ? gr&atoglyphic ’.Data .
■'• .There.appear" 1 l 3yheterogeneity In say-lee from -Orkney,
Shetland y d ' See It~s.h ,o nlsrds. 'However,'-whan compared with samples 
: f  ~r nptt^rn-t^Te; nrd yidro'-ccupt .froyienciee ■ .frcm. other nr$*s "t 
Britain' - Ci^ nsr-'ne- FcrthnKbri^' and- the Bent r '"•lards - there -appears ■ 
to  be a generaltrend sbcwirsr . rredi arts'Of ---w ■* - y  -frequencies and. 
corro3r-*-clin: total ridge counts, • Tn nearin ' r11 '"'Praratlva samples . 
the females shwed more v a ria tio n  ..than the males,- p a r t ic u la r ly :in . 
the .Scotttshninairjlaiid .a reas ,'' where all trends were rev e rsed .’ T n ls  
may be & c t * a-'biased’selection for arc* el *7*rt»*rs as. the sample 
; was ecnrossd c l  r-ediear stndentfj, cr that V e *‘c 'e lo s  :were s very ’
■ small- minor! ty n the .sample* -/ ;.
Differ prices wit M r  iT«C‘ Hdair * s a rile were doMnite. t-bfufh 
’ probably not sir-rifleant and seem to represent- a stable comunity, 
w5tb l.’ttle cLv'crs influence free; fo- •n’t dr *>yr^\ « y penetic drift.
' "hctlrne shewed some variation of biolepicalVsirmifSconce which ■ 
nay be dec if rather more’ isolated- areas with wifXuence of drift 
•being str-or- ^  in "'ho smaller-, more compact rrenps.
. ; 7ar*r.t’ - t'thin the ccmparat" ve snmpleB of-..Cumbria’and . 
.’■Kcrtblmbrin n«* xi-nip.nl; .Roberts and Ccr-po :/1 :72) h  t leir study - of ■ - ’ 
the $•* nth f-idlands. observed ’highly ‘sipr rfScsnt' differences, • part-ica-. . . 
larly in the 'mere - rural regions.'’Crepe- (1 '-??20. 'suggested that the areas’, 
of most • aberrant v Uipe-ccwnt md pattorn-’-tyro.-frequencies coincided 
with those rf greatest historical isolation.
Ifoese results .-’appear .in direct conflict, with .the significant • 
.differences in one isolated "area.-possibly.-■ accounted for '.by- founder - 
effect and vtenetic,drift, -while thetotber areas observed range from I: 
little heteropeneJty to diffsrences ’which/co-ild,bo errlnTred more; ’:".,
■ e a s i ly  by- random ''variation ra th e r  than any Influence o f-evo lu tionary ; 
p rocesses. A ll Ml ' e r l ” r e f la t io n s 'w e r e  from d iffe re In g  environments 
b u t - i t  i s  hard to  see kn-? deisJiatoplyphic' t r a c t s  ccyld -b'e a ffec ted
: to  any. d e r r e S ' b y ; t h i s . ' : ; ■
' liisn '.the Orkney Painpls was' subdivided >^ni assessed fo r  fr e -  
qusncies n wider c la s s i f ic a t io n  of p a t t e r r - ty r e s .la rg e  theneh no t 
s tfr^ fx csn v  d iffe ren ces  ■■•emerged; between the sm aller me re  lo c a l rro iips. 
Possib ly  ae Newman (19.60)'srp g ests ,-  im iltigenic t r a i t s  l ik e  dermal 
rid g e  co n fig u ra tio n s  m ay:be le s s  e ffec ted  by d r : a n d  founder e f f e c t  
than s in g le  gene t r a i t s  and n v  r e f le c t  a population  which has a long 
- s e t t le d  h is to ry  w ith '.few in tru s io n s ; :K\
A ll 'com parative groups were assessed; with the sane sampling -
■ c r ite r ia  o f th roe cr fo nr. grandparents born in ' ;the-,-nres,: using in fe r -  y 
.matron from fam ily h is to ry  forms. - In sr • -  ^ ‘he sealin '* - r r e  ! spirited: 
l o c a l i t i e s  r e la t iv e s  were n e ce ssa rily  trc lu d ^ a ' ©s'.the sample world 
otherw ise have tesrr too' - small, fo r  -'any real** sfio,- assessment of p a tte rn -  
type and rid g e -co u n t.freq u en c ies . Varicus Orkney lo c a l i t i e s  w e r e '' 
te s te d  in c ln s i -fe 'and exclusive-■ cf s ib s , thoughr-r^rr r"abl?- a certain '.
' amount of. interrslr tedress re ■■*. Inc-rl, and nos* sh^on elnllsr fre-: 
.qiienci.es. The Fast v>«r-l«rn area, - e :r, 1 r ?> prf' cant ;dif­
ference but this wry hove been due t: the very svmll sample which 
was left after exclusions' of sibs.'
■ More .family s tu d ie s  are necessary  to  a s s i s t  any in h e rita n c e  study, 
and.perhaps a more d e ta ile d  assessment of p a tts rn -ty p e s ' .and r id g e - .
- counts', with the  same c r i t e r i a  and n^theds used between or-.para tive  - 
samplesg. xfopXd'.-rlye-;h;.'Clearer• ••Sjnaic^ion,of the- in fliience of such, 
random -processes as d r i f t  and founder e f f e c t  ?n sm all i3 --ln tsd  groups.
'While 'environmental effec t', ie- f e l t  to  .be,minimal, and. c e r ta in ly  - 
takes -piece;-.brlr/.r, tbo ; f i r s t .  th ree  t o ■ fe rr . months of in tra u te r in e  ' 
l i f e ,  c lo se r  s tu d ie s  o f . f  petal, . d ip  its. -from the' e a r l ie s t  ;• weeks with 
■.p a r t ic u la r  reference  - to ’ the  p o sitio n  cf.-the:-"foetus- in  the u te ru s,.. p 
and the  birfch-cyder in  the  fam ily, '-nay -indieate trie .influence of... 
tension  end pressure-on  th e v o la r  pads end a c learer, assessm ent o f ••; 
.-•the. interdependence o f  g e n e tic " end environm ental; fee to r s .  V
! i /d l ' samples' from the Scottish areas shew' similar, trends -for' ' 
digit preference for p ^ ttc rn -iy p es  and 'c o rre ls '1 r«? of pattern-typei 
with a particular .rldgc c«cmt • ran'** av n* similar distributions, with 
;a. surprising 'birnf dal distribution of.radial.loops. There map i n .'fact 
be .veri rmsl *rds -of-pat*'-  ^with particular 'rMre-rrmfs "dr oh ' ore 
co n tro lled  by one or m m ” r> lleles. ?o5:en over tic whole ranee of pat­
tern types found on the cirms ■ alone, the r eristic in fir ere e is complex 
particularly..os. i t appears there is some agfrcr'atien between digits"-- 
with n e a re r ,dipits'being more alike than those-furthest away cm".th e  . ' 
.hand, ■ ;
y lo re  d e ta ile d  surveys of f in g e r and palm, p r in ts  using la m e r  
-.samples, • or ■ all- irdi.vidi.ials '''from ' a p a r t ic u la r  -sample,' ram male the  
;. understanding of. in h e ritan c e  ■ and: environmental- in flu en ce  and; the  
assessment o f . random evo lu tionary  -processes tr* tb in  /the sm aller groups, 
much c le a re r .
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DEMONSTRATION OF OTHER 0METIC TRAITS 
IN THE ORKNEY I B U m s  ,
u m m t r r r
Xntrc?dactier»
: o ' ' l a t e r a l  v e ria t^ w  in  man. may a rise  :‘n d iffe ren t' ways* 'There 
'■ ars phenotypic t r a i ts ;  wbf oh msy;be deteiminet! by yenotleal and ; 
snvircmnsntsl. fac to rs.' B ilc tsra '1. varictlom s of- function, the most..' ' 
well-hrcwn o f t f r e h  i s  handedness, are of epsc’al in te re s t as tbsy  
: msy ;bs caosea by'UndsrXyiiig pmiroT/hysioloff caX fac to rs (Bscionan f  
. m d  B is  tcnv 1./62)._ ' Tran to l l  (1 9 !?(>)- lias 'sowonrt'oed the  re s u l ts  £r?m  
.-penetical s tud ies of left-bnm cdrsess a n d :it seems q u its  c lea r th a t 
; l t  i s  part'*ally re re td r a l l y .determined-....
ArmeM (1/73) sag peats that handedness -is a rliscrei©-character 
In the sense that it can be said ta-.b©-'present or absent >r an iruri- 
vidra! but the occurrence of which 'can bo essnnefl to'depend m  an .-. 
imderl yinp  • corttnu cuj? d is tr ib u tio n  o f ' l i a b i l i t y .  In farwiv -©t r i l e s  s 
loft-bandars then can 'behtroated as rropcc- ti. " r esti.net in'- hereto- 
.•b ilit3“wcccrd!tify tn- Falcer© r, s '.(1 j5F) -m f -x U l 'c s t  'n d ly id -’a ls 'c e n  . '■ 
bo classified- read Hr e s ’ to* -left or rb-ht-handedr-css-or the basic '
: o f  the w r i t in g  bend' b u t  ther©  e ra  w e t f  d i f f e r e n t  n e tto rn s - ' of p r e ­
fe re n c e  when 's e v e ra l  a c t"o n e  a r t  c o n s id e re d  ■ (A rn e t t ,  t i ? 0 )  y d  th e s e  ... 
w re  .r e la te d  in- a c n t  'S u c re  uw -rral d i s t r i b u t i o n  o f  d i f f e r e n c e s ' betw een  
th e  ,hands in  s t r e n g th  ..(bjor.-ap$ P e a rso n , .1 9 2 ? )  end soeed  .(A nrett-. ■ 1970).".
; Other workers (ho ts  r-'1 f i f » Pons. 1961? Lot end tfnleh, 1 ;'6 P ''
Lourle* -1972) . heve investigated the pattern of hund-olws'ntm red s?rn>
• foldin' “ r mriaiy. of ethnic groups with c view to assessing' the 
roles > ' pc^oxlc.and e w IronmePtef factors w  laterality traits."'
Bnsults i o '
■ :• In both ■ Orkney y v * r w~l 2nd m e t  pa tterns, scored f r y  shnw a '
d e f i n i t e  r i g h t : b i a s ,  w ith  s  s l i g h t l y  In c re a s e d  s i n i s t r a l i t y  in  
tnalns. The T re q u a n c le s  o f  l e f t  and r i g h t  f o r  »rr> fo ld in g - and hand”- -. 
c la s p in g  sm e a r  to  follow  T5,ircpssn t r e n d s  w ith , however, l o s s  
d e f i n i t e  t r e n d s  oln h sn d -c lssp irtv *  ■ \  '-'•
Discussion
Estimates"of the im'-dme® of l©rt~hand«dreeg varv widely 
(k?!le., I?-!,)* fu's variation depends Xarrslv c-n who*her-the or."ter' '-n 
is left .preference 'for VTt.br jv-^  or"-cup revert?. notions win oh rented 
ff<m lir to 31? In sindorpraduates. questioned abort twelve m f  -manual 
tasks (Anrctt. ■ 1 i?0)* Part of the vor iaif dorsyds on d'1 ^ Terences 
between seres and between generations*. Ben differences, ere usually 
.found in handedness end when ■ present in normal samples are.always in 
tbs direction of greater sinistrality-in rales (Anriett» 1173* present 
"data, Tables 7,1 end 7.2), A difference between generations was fcr.rd 
by Chamberlain (1 :2S) and by B-fe (1ll»0) nndrwas- marled in Arnett* s 
(1 ?73) smple* T h i s ,  However, eorld be a function of increasing 
' t-olerancG .to left-handedness :r succeed ins. generations, Anrett (1:>?3) 
■found that handedness• fo r  right or.left eppearer?.to.'b e :"a tf cent Vrninm 
. of preference*1 but. suggests that enr ' unambiguous, eri,ter;la co-Id be 
;used tc separate this cent?ri?nrn.
The A rn e tt d a ta -w e re  analysed ; f o r  a c r i t e r i o n  o f  srrc l e f t  u sag e  
'.as "Well as . fo r. l e f t  h an d w ritin g  end ns t  e f i r d b - p s  w ere e s s e n t i a l l y  
. tb s  same th e  l a t t e r  was need fo r  fo e  f !nrfl r e s u l t s *  In  th e  f f - r r r '  
and S h e tlan d  d a ta  in d iv id u a ls  w ere s c o r e d . f •r  Handedness u s in g  th e  
c r i t e r i o n  o f  -handw riting  'and. showed s im i la r  r e s u l t s  to  th e  B r i t i s h  
s s u g ie  w ith  a s l i g h t  in c re a s e  in  s i n !s t r a i t t y  *r t  .c n b lc s  (T ab le  7 ,5 )*
A rn e tt* s  e s t im a tio n  o f  handedness w i t h i n d i r  51 l e s  shewed s tro n g  
m a te rn a l in f l i? e rc o : and p o in te d  to  th e  p o s s i b i l i t y  .that" i t  mnj be.
greater, for flaurhters than sens, Arnett r f -*ts that nothin';* *n 
.the presort evidence proves .the causes or • -Tamil:! el nssr-clntlcrn tr ' 
be; genetic*:. It might ';be that the • effects of early emer >enc.e within, 
the foully end; especially s -tendency to -imitate'-; the mother would 
'"be;sufficient to account' for most of the findings* ' However, detailed - 
;. study of -handedness' frorn an.-extremely early - ^lassifyitiy,:first 
tendencies by testing hind strength and usage may shew clearer.results.
..filer© hgve been several: attempts t o . account for the' distribution' 
of handedness 'by genetic mtihmds%s. Jordm  (1911)-ashed whether' left- 
.handedness -might depend- m  a. recessive gene bat frms family - studies 
..it,.-appeared ."that; the "mechanism was more complicated. Bteiberlain (1/?■*“’) 
believed tbat heredity; must be .involved and'THf©- (19!i0) recognised 
that handedness was a rrsded character and suggested that the prefer­
ences of individuals who are otrunnly penotyrylrally:left or r^yht
■ would be resistant to envlronmer.tal pressures, -TranVell (119?) sup-
■ gested that handedness, rl'-ht denerd on e pair of-alleles for. *diicH. 
‘-there’ is imner.fect expression.-of the recessive gene snob .that races- 
...sive ho** sygotes would .manifest left-bardedness.* The possibility that -.
;. there, m ight be v a r ia b le - e x p r e s s io n  - in  .heterr-isyget eg- (w ired  b an d e rs ). ■ 
.end-; com plete o -  isgi.cn in  r e c e s s iv e  bcu1055y ro t.es  (p u re  l e f t  h a n d e rs )  
was su g g e s te d  b jrA n n e tt  (1 96k)a who showed th a t :p u r e  r i g h t ,  mixod
and.-pore -left banders always cccnr'.in - the blnoml al proportions 
:expected of a ctoofectorial .model *n human sonnies (flnnett, 1 6?)* . 
Previous fr~’ly data had net been classified ip the way required to  
tost this :u del 'and new'dote acidly, showed that it. was .insufficient. 
'The binouial-pronrrtions-of right, is bred and left rra Parent rots and 
mice do not denerd.or-genetic mechanises since selective -breeding - 
over several venerations ?r>'- led .-to 'affect' tbs ;dlstribut'icn. (Collins,'
196B* 1969)* Tm repeated-occurrence'of bihoEieX proportions has , 
'been .shewn to be a function of areas'under the normal .curve mien ■ 
the distance' between pure right. And' pure left, banders Is .constant ; : 
and the distribution is moved as s whole a short distance to the 
left or pi pht (Annett* 1972)*/ '
’■;■ The most straight forward polygenic model/- of the determination 
of handedness w o « M  entail the action cf several genes each'o f :smell' 
end equal effect ever the entire laterality distribution (Arnett. 
19?3)<» -Tbs origin of sex-difference and of' differing her.lt abilities 
o f parents world;need to he- considered, as in the case of left- 
handedness.there are fewer affected .females than males and left- 
banded mothers have more .sinistra! children than left-handed .'fathers 
■ (Annett, ’ 1972)* Xb s sample of left-bended-■ schoolchildren*. Braden 
(1970) found that 315? males end - £8:£ females had close sinistra! - 
relatives.
fmreit (lx?2) showed that all the ideas established, abort' 
laterality in m n  and other species can he derived - from two basic/ 
facts?. first a normal d is tr ib u tio n '1 of differences in shill between 
the two s'—  'etrica! halves of tbs.'body, md secondly.-a shift in' man. 
of this ncrsir! distribution- towards :the...right. Afineti that
in'so far as heredity is involved' in human handedness it oaild ..affect 
the shift to the right rather than the basic di otrlbntlcn'of dlf-" 
ferences between.the. .sides.
/■Tier© appears a .p o s i t iv e  but im perfect a sso c ia tio n  between 
hitman handedness and ,.bireinedness fo r  speech (A rnett,. 1973). One o f 
the m e t e s ta b lis h e d ‘human s m  d iffe ren ces; is  the fa s te r , speech 
development of g i r l s  than boys' and the marl ed - excess ■ of saales 'with 
speech - d e fec ts  and reading, d i f f i c u l t i e s ' (Cslnar ?^d 1l1.chardsc.-n.,' 1976;
left-handed preferences. have significantly lower performance T.Qss 
than right-handed individuals, whereas toe verbal I.C^s-ef the two 
■groups .do not differ. (Levy* 196?? Hiller, 1971). Bata from the Otmoer 
.srrvsy 9. err rr:sing verbal and performance test scores in p ’oups 'of 
•: men. and uor.en ultfe'diff©rent patterns, of handedness, .suggest a posi­
tive correlati.cn for handedness and X«Q, An increase in left- ■
'• handedness: w ith  B.S.I1. ch ild re n  tjas also suggested (Wmccmbe e t  a l ,  
1973).' ’
: ; I f  th e  f a c to rs  ■indoci.ng left-hern isphere  speech, are  s tro n g er in  
-fem ales than males., and. i f .  th e se  fa c to rs  ..bias 'handedness, towards the  
r ig h t ,  th e  sex d iffe ren ces  in  .speech-, and in  handedness would depend 
on the  sane 'underlying mechanism. The idea  th a t  genetic  in flu en ces  
• and sex d iffe ren ces  are  lim ited- t c  th e  b r ig h t s h i f t  f a c to r0 end do 
not'- apply -to the b a s ic .d is tr ib u tio n  su g g e s ts . th a t  mechanisms op era tin g  
•' among r ig h t-h an d e rs  may be absen t nnenp le f t-h a n d e rs . There may-be,
/ in  -fac t, g enetic  in fluences towards r ig h t  and not towards l e f t -  
" handedness /(A nnett, 19.72, 19?6 ) . :
H asults. from Orkney and Shetlandw ould appear to  r e f l e c t  th i s  
genetic  -influence fo r  th e  r ig h t  as 'only ar^ -fo M in g  and' bsnd-clasp inp  
have a s l ig h t ly ,  h ig h er .frequency .for .the l e f t  t*MX© e l l  o th e r t e s t s  
shop is la rg e  percentage o f  r ig h t .o v e r  l e f t ,  th e  s tro n g es t being 
handedness '(69% in  Shetland; B6f> in  Orkney) end f c o t-k ic i in r  (92* in  
Shetland? 91^:in  -.Orkney). H esu lts fo r  e l l  t e s t s  appeared c o n s is te n t 
batm en  the. Orkney, and - Shetland samples, but o v e ra ll c a lc u la tio n s  o f 
l e f t  'and r ig h t  pave 72t r ig h t  in  Shetland and f i t  in  Orkney. The 
d ls tan ce  of l a t e r a l i t y  -appears to., be s h if te d  fu r th e r  to  th e  l e f t  in  . 
Orkney. Tie b io lo g ic a l ly ‘sign ifican t- d iffe ren ce  between th e  two
cc/uounities nay be due t o : d i f f e r e n t ia l  s e le c tiv e  fo rces cr  th e  
action  of genetic  d r i f t  ■within tbe  .small popu la ticn  groups. The . 
only r s a ^ l te  r i t - ‘ ,a b ia s ' to  the  l e f t  are those te r  arra-folding ■"
(*>8* in  bo th  Orl new .and-Shetland) .and' even s l ig h te r ,  .hand^clnsnlnr 
, (^0% in  Orkney n rd  51$ in  G o tla n d )*  P o s s ib ly  each f a c to r - o f .  . l e f t - ,  
■ righ t .dominance'.1© 'in f lu e n c e d  b y .a s e p a r a te  s e t  oof genes a c t in g  
to g e th e r  over, th e  i& o le  range.' -:-
i  ■ Im ts  (190?) f i r s t - p o i n t e d - o r t  t h a t  when a n ’in d iv id u a l c la s p s  
•/•hands - w ith  f in g e r s . in te rlo c k in g  th e  oripht--.t: \  'b ^ a a s -iro p sB c o s to . . 
i n  some c a se s , and th e  l e f t  in  o th e r s .  In a survey of 600 Scots ■ he 
found a ;s H o h i  .predom inance, of- r i g h t '  uppermost in  o ffsp rin g '. from 
E x K-Tastings and 'a  s l ig h t ' predominance c f  Xaft-: o f f s p r in g  in h sr I» . 
s a t t n p s . - L u t s  c o n s id e re d  t h i s  to  be evidence? th a t  hand-clasping 
p a t te rn s ..w e re " :h e r ita b le . ' He found wo sex d if f e r e n c e  'In■'■the in c id e n c e  - 
.of R. in d iv id u a ls , n o ■• tendency to ' se le c tio n  In  la a r r ia p e s ,  > n d  n o 'a s s o ­
c i a t io n  between h a n d -c la s p in g  and' h an d ed n ess . . . . /
Bahlberg (1/26) in v c s tip s to d ' band-clasping -ip- 69 .pairs--of mono-':' 
sygotic  tw in s , '123 ?5alrs of d i u r e t i c  tw ins and 8$h schoo lch ild ren  - 
and found no-.'evidence ■ t h a t .. -the - p a tte rn  i ^  genet’ cully- determ ined. u 
W®imr-\(193£) ? 1 **tad th i s  concXwsicL anJ shewed that.'-hand-clasping -
was h o i''a sso c ia ted  w ith ' sew cr-handedness. Mmne r  a lso  noted a ..s im ila r  
• dimorphismr in. "arm-folding.- • -I' .6 \ .
Hoifever, d a ta  c o l l e c t e d  by Eewncy (1 ';;26)- suggested a re la t io n s h ip  
betw een h a n d -c la sp in g  end- handedness. ■
. fsv e rc l in v e s tig a tio n s  (Freire-H al.a -ei c l ,  1 y.'ppnsu 1?61 ) 
h a v e .a ll  .supported •'•kpts?1s theory  -that hand-clasp ing  i s  g en e tic n tly  : \ 
.con tro lled , bu t ho,.simple Mendelian wecharisrn-seems apparen t. 
F re ire - ih lc  e t  a l  (1 RfB) observed’-a s ig n if ic a n t ly  h igher-inc idence  "-of ";
R - pattern smong fcvales end .'Pons . (1/-61) showed' tost the pattern" 
was dependent; on ere with an increasing rsreent-ere of. the E pattern--v 
in t Li sexes with, increasing age* '.However, Loi and Wsilsh (1965) 
irltir population end family -data:"frc:n seven ethnic, groups oha?ed the 
pattern to be independent o f ,sen and are rnd t"ot’ronet - n~otcv$ 
do not appear to play a deteraininr role. There trere • scmm population - 
differences - but,if -m s suggested that -'habit. rather than .the genetic .. 
constitu.tion..c1ete2inined the - pattern o f -hsnd-elaspinp ’of: m. indivi- . 
dual. .. i . . .  .
' Ik-rrie (1972). .found no correlation between am-folding and . 
hand-clasping and n b .significant results’ in family dsta.fcr the 
'heri.tahi.lity of either trait, - but; suggested co*© gonetic ” itrol* = ■
Tn.a survey- of ?81“Swedes* Becknan and"Elston .(1962) foimd-ro sip-; 
.nificent sexual differences,' and ©c evidence for correlation ‘.between '. 
bondedness, arm-folding and hand-clasping. ITery little/- regional ■ 
variation.whs- evident though there appeared traceable -trends'.-cf the . 
.frequency "of E hand-clssping ihcressing from 'north - to "south,' while 
frequency -of E arm-folding increased Prop south- to north.. It was.; 
s. pasted- that collection cf'.additional larger, samples nay give " ’
stastically .significant results.
Freir©~Maia and de Almeida (1966) in a, survey of African - Begrces .
• found.a higher .frequency -of -B for. hend-elhspirp and a signif Gently ’ 
''.higher frequency 'of- H for-arm-fcldinp cT-pparcf w5.th ether ethnic data. 
Tie frer^ncv of’the H* trait decreased with increasing ace; whereas 
in.' ccr;narrtM e  data (Pons, 1-961) ifcere was . an ".Increase In ■ frequency ■ 
with [increasing age. T hem .results'Isdsm to -indicate the poesibllitv 
ci selective forces acting differently.in separate ethnic rrc.ps and 
environments* '.Also' the-ecrfl'ictirir ccnclual ons - may rears sent different 
sitrafcipn© regarding the Interaction-'of genetic and:• ehvi*vrr•fl ,if\v-
The frequencies■of the two alternative types of hand-clasping 
and arm-folding have been reported in a number of populations (see 
Table 7.5). The variation in'right frequency for hand-clasping in 
most Caucasian populations appears to cluster around 50-55$,.with, 
higher values in Brasil, Angolan-Negroes, Australian Aborigines, - 
lew Guinea natives and .Filipinos, and is compatible with sn inherited 
determination of the trait. Hie world-wide range of E frequencies 
.in arm-folding is similar to that of hand-clasping with a slightly 
lower range' of 35-50$* With arm-folding, however, there is no ten­
dency for frequencies to cluster according to geographical or ethnic 
groupings and Lourie (1972) suggests that the trait seems less useful 
than band-clasping as an anthropological marker, lourie (1 9 7 2 ) also 
suggests that a genetic component is more evident in hand-clasping 
than in arm-folding but the Orkney and Shetland.data appears to the 
contrary with an t  frequency of for arm-folding in both samples* 
Hand - c l a s p i n g  has only a slight shift to the left with frequencies 
of 50$ in Orkney'and 53$'in Shetland. .
• within the Orkney and-Shetland samples handedness, hand-clapping 
and foctedness present a definite shift to the right, while in Shetland 
frequencies of R for eye desinence (8 1 ?), shoulder-resting . (6 1 $ 0  and 
knee-resting (76%) are high*. However, arm-folding and band-clasping 
do not show such definite trends with in fact a slight shift to the 
left* This possibly bears out that the heredity involved affects the 
shift to the right rather than the basic distribution of differences 
between the two sides of the body*
The uterine environment, sleeping position, ability to balance 
and coordination of limbs in early infancy may influence the asym­
metrical dominance of one side of the body over the other.
larger samples vith- f©ally'-date mey. Mhm -trends more' clearly . 
end m  indication of Imitation by children of parents, s5.blin.rn 
and peer-proups woi:M be required;to assess clearly'the relative
'importance,of .genetic' and'environmental factors■in. the 'determination 
of laterality traits.
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Introduction
. The m®&- for- exact ^ measurements to - euppleaant: verbal descrip­
tions : of :bcdy sis© and. form, v m . already felt in the early* 19th 
Century when physical 'anthropology m m  .beces&nf a' distinct disci-. 
"pline,'. and until quite recently. /-anthrepcmetry has bean the mainstay 
■of.-the snbject.-(Harrisen et el, 1961*)* -'Anthropologists.preoccupied- '• 
with ;prcb£eass of. eyclutieriary'descent, laid special emphasis on body • 
and bene ..measurement* .as; skeletal remains were tbs only evidence.of. 
physique•in earlier populations. • Bren though the living body and 
skeleton are very complex for^s,';'Kany; prints of shape can be expressed 
metrically. With meticulous attention .to details cf .technique and - 
■standardisation of methods reliable results can be. calculated and 
compared* ■
The cephalic index,- which. is. derived from the length and breadth 
of the'head ~
" ■. x 1 0 0  - ewfafllo index ■ :
■tlesa length . ' .
- was'-.'introduced' by the Swedish anatomist Heteius oyera century 'ago 
as"a measure of skull shape and rapidly gained prestige b& a means 
of.classifying populations, The statistical distribution of the . 
cephalic index is continuous and approximately Caussian in form* and . 
on average is two units higher in the livinr subject than for.the' 
skull (Harrison et si, 196!i). The range is usually divided into three, 
arbitrary groups , dolichocephalic (bolcv 7 ?), mesoecpbalic (?£-S0 ) 
and brachycepbalic (above 6 0 ), with the frequencies of these types 
being compared in different populations.
F ig . 7«1 Cephalic Index in  Europe ( O 0oon, 1 9 4 8  )
CEPHALIC
■'Cephalic indices for Orkney? Shetland ' and si©inland Scotland pi; 
are- summarised',in-Tables.'7*6 to 7*9. v,
Discussion ' ■ 'I, 1
As' the- index Is a rather erode aescs&neni.-of ^  **1 shape and |l\ 1 
’ the.'somewhat arbitrary categories of a ebhtinnens distribution - . 
.appear misleading, studies - of -inheritance eni;papulation comparisons 
have "yielded no .ceseiissive results.As in tbs ease of other body- 
■ measurements, besides inherent' sampling end observational errors, .
;all populations are.vary variable. r : '
Bnrope. on the whole is brack- or snesoeepbalie"with long-headed 
populations a rarity (Goon, 1?U8)# Hcwetrer, in the north -vest.. (British 
Isles, most of Holland, parts of most-of .th©. Scandinavian.-
peninsula■and'the coastal lands.of Finland):mean indices lie between'
76  and 7/ with. brachcephelics in the minority# Coon. (1918)'considered • 
this area as Handle racial territory'tMeb .graded into'-.an .area of I 
central European brscheephnly (see Flo* 7#1). He suggested'an•ultra- : 
peripheraldistribution: of -moderately high cephalic indices on.the , 
.western-most fringe of Europe. Eooth-nest Ireland- has n mean cephalic , 
index-of .80 or over whichagain occurs in areas .'in hoptherri'Scotland,, i 
the Shetlends' and• along the western ilorweaisn coast*. The Orkney-and •-. 
Shetland indices of the present study sees to 'bear this out' with a ; 
mean index.-of 79 reaching 81 in two Orcadian groups {see Tables 7.5 
m d 7*7)*- Average values between .75'and 80 are found.in the British 
Isles and-parts of Ocrmdinavia (Harrison et al* 1 961i) (see.Table 7 *1 1 -)* 
The: Orkney, Shetland and Scottish samples s e m  to fit into-this' pic- . 
burs with indices r m g tn t ’f r m  .7 8 (S.B. -■ 3 .£6 ) In-Shetland, 8 0  ,: ;y - .- 
(S.D« 3 * 9 1 ) in Orkney ■ and ,78' (S.B*/.«: 1 * * 5 5 ) . on'-the -.Scottish mainlands
with an overall *ae®nvof '79 (S.IV * i*.1,5). The - standard deviation 
of. the Index appears far. larger than the' differences between the 
means .of'the.'groups (se®. Tables ?*6-7.9).
: -On the whole :fessl®s. tend to have a. slightly higher index than 
. -the males*•.-though.not to-any degree o f .significance.- Seawright (T/iili) 
found virtually no sexual differences in his Outer .-.Hebrides* study' ' 
although the samples were, very small, 25 .females end -.1*0 males :{see '..
■' Table 7.12),- .
. - Trm Orkney results seemed .little affected by inclusion or exclu- 
.sion of-stbs,- but - this .-is not surprising if - the variability; of the 
-trait Is 'taken •••into.;.acc.otnt' (see Table 7* 1.0)* Host, 'though' not -all 
measurements, were-.taben: by one 'observer' (tbe anther). However, the '
'.' Scottish .'mainland sample was'taken-from' past anthrepome trio 'records' '•'. 
; (ranging from 191*0.-to. 1965) of Aberdeen ..medical students.- Iber® - 
" appeared -little difference between the smaller, groups.- with in' the 
Orkney/Shotlahd/Scottish localities, . any signtficance possibly being 
mashed by smallness of '-aample cr inclusion of ® large age-range from - 
. five-years-old ■ to young adults'; The development, of .the frontal ’sinus 
is not completed until ten to- twelve years of age' which then causes'' 
the. cephalic; index1 to' drop'sli&htlyv 'Hm-yever, Sennight;-(1 1J.iL.) found 
little, differences between p  -ranges, which. again.'*®? ;.b® inconclwr 
. sir® -due to, smallness of the sample {see Table 7*13 ) .  Perhaps s more 
-.valid assessment of the Scottish data, within and between the various 
.localities'end groups, ccutd be calculated by comparison of ago- 
.-.cohorts' of one to two years* •..
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TABLE 7*?'  ' . : . DBKBEf •. CEPHALIC IWD3X
■ ■ '(Are rsBge 5~18) ■
:. Leemliiy Kean  ^ ■ S. l). S.B. :■■■ = -Ho.
;South’■Ial©s '(?me) ./. ,60.69 ■■-.■■■'3*11'■■■;. o.lo 72
w ' (Female) 9 : ' B o M  ■ ' 3.17 • 0.15 • . 6 0
\ (Total) 80.S5 ■' - '3.13 0 .30 r 1 3 2
LferifvXelea ■ (Male): 1 * ^ 1 . 0 . 3 6 ..72
• f»' ;(F®sale)'. 77. 81. \ » e 0 .1 2 , v 117
« ' ' (Total)' 79.77 ; . ii.sr : 0.27 1 8 9
2. Finland (Male) 7 9 , 2 9 / 3-37 0.31 . . , -119
; f? (Female) . •79.58 ' 3.1<o : ; b;'35-';: 9l
' « (Total) ' . 79.12 •■3.3S 0.23 ■■'"■ 213
V* • Y&tnlmd (tf..)• -(Hale). 81.08.; : J.on . 0  '£6 - . '" ' 2 8 8
n  '' -(Female) ■ 79.51 .3.97 .0 . 3 6 119
" . ■ , ’(Tctel)- *0 . - $ 2 ii. 1 0 ■ -0 . 2 0 107
>*. Mainland (E. ) (Hale)'; 81 .OB' ' 1 .0 B ■ 0 . 1 1 9 1 .
n . (teal©);. '8 0 . .61 ■; 3v3l 0.33 , ’ /  103
” (fetal)"; . 6 0 . 8 1 ■' 3.71 ■ 0.26 ■200''.'
Orkney (Male). ; 00.16 3.15 0.15 ■ :-'69B
n (Female) 79.93 3.85. 0.1? 193
» (Totel) - ■:.80.25 ‘ ■ 3.91 ; 0.11 1191
TABLE 7*8 . , SHETLAND -'.CEHIALIC IND2X
(Ago range 5 -18) ’
Locality Kean s.n. ■S.B. ilo*
■ Lenrick (Hale) 78*3? 3.6h 0 . 3 6 1 0 0
tt . (Female) 79*35 3 . 6 1 o . a £ 8
» (Total) 78.37 3.51 0 . 2 8 '158
Worth Tales (Hale) ■ 77*33 3.!j9 0.3-B ' 85
. w . (Female) ■' '77.63 3 .ii1 0.33 1 0 8
« (Total) 7 7 , 3.l(lx 0 . 2 5 193
South Kpinlsnd (Hale) 76.75 3.70 O . 8 7 18
" (Female) 76.55 3.58 0 . 6 0 ; 35
« (Total) 77.9k 3.6“ 0.51 53
North Mainland (Kale) . 7: ? . ; * 3.73 0.91 21
t? (Female) 79.93 3 . 6 1 0.5* h$
» ■(Total)'-' 7:?. 37 3.61 O.lilt 66
Shetland (Male) 77.95 3.65 0 .2 L 22h
11 (Female) 7 8 .2* 3.1i8 0 . 2 2 2i| 6
. (Total) 78.10 3.56 0 . 1 6 h70
TABLE 7.9 MAINLAND SCOTLAND -  CEFHALIC XTTDKT
(Ago range 18-26)
Locality. ’ ?%an;, ' S. XV : : 'l*Si
fforth Scotland (Ksle) 77.90 $.97 0.]*2
■ tt ■ ■ 7 " : (female) ’ 78.97;' 70.61
Aberdeenshire (Male) 7*8.1*9 3.60 0.36 91
” (Female) 79.31 3.28 0.1*9 3h
0.U7 $7
0.1*7 26
South Scotland (Male) 77.73 3.32 0.1*1 61*
Scottish -Mainland- ;
(Male) 78.08 h.82 0 .2 k 1*0?
w ” (Female) " ; 79.06 . 3.22 0.31; . '10?
Scottish Mixture v » v  n ,-»
'«:*!-v 7eJ*1 3.61*
n « (Female) 7 8 . 7 6  2.1*0
M o . ; , 
1M6
3 7
Total 7B.2R h.SS 0.20 Sib
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MA.SJVL. BRIDGE HAIR
Introduction/,
Few-gtidles have appeared .or the h *rsuteress r f  the face. ; 
Frequencies of facial'and Bid-phalangeal- hairihaire been' reported 
in various-paper a (Brothwell' and Molleson, 196£? -Harvey' and -Brothwell 
1969? 'Gyenis'j-19 7 3 -but- no comparative; data, however. :for Orkney . 
and 'Shetland frequencies of nasal bridge;-hair.-/', . ■
:■ One of the major■'problems'' in studying human populations,' where 
the -investigation' Includes .the recording of 'biologicalobservations, 
is'gaining the coeperation and :dat* with the mlrbsmm ■ 0 f.-1 necn- 
venience to those bb* np,approached...Far1al photorraphy seems accept- 
.able, bat close eramirmiior .of the face for hair 'is nqre/'diffisplt-. "'-
Ihe ultimate amount of facial hair.sn-individual -develops seems 
'to-depend largely "cn.heredity,.though whether because- of the hormones 
secreted or the reactivity',cf the end-crpans is not; known (Harrison 
et at, 1961), Arp stud** of hair grewth must.take 'into account• sexual 
differences. In body maturity and the growth apart o f adolescence... ■/ 
Skeletal- ape 'differences" begin .'during foetal .life, the male retarda­
tion apparently being .due, directly - or' indirectly, to ■ rene.--action ion 
the Y-chromosomeDifferences of body sine and shape, seen in adults 
are the -result of differential' growth "patterns at, adolescence 
- (Harrison et al. 196U). "Preginnsbly- the same factors affect the-pre-i 
narco and, distribution of body-hair. Conflicting .results in studies:- 
of mid.-phalanpenl hair point to vague trends of ser, are and racial 
differences (dyenis, '1972; •Hretbwell and MdLleocr, 196S).
Results
The Orkney and Shetland frequencies of 'nasal bridge hair'are - 
startling - in their differences. .••Approximately -9.0* of 1?6 children,. •
between the ages of; five and eighteen, in Shetland had nasal bridge 
hair, while a similar sample o f Orkney children had 'only 17?. There 
appears 'to be a complete reversal-of frequencies for presence and 
absence (see Table -?.1ii)*
Discussion .
Gross observational error has been rated outVas both surveys 
were carried.out by-the author, using a,small .magnifyinp glass.-It- 
is felt that, any' mistakes would be consistent and would net in any 
case account for the very large differences..It 'was.noted"that two. 
factors, ago and: colour -of bead heir = appeared to affect the .pre­
sence or absence of nasal bridge h a i r .  - Only five’ out cf 1? children 
with nasal bridge'hair in a small.Orkney sample had light hair, and 
a higher proportion of.older children exhibited the condition (see 
Table 7*15)* It is■suggested that in studies cf nasal bridge heir in 
children a clear, distinction should be made between the younger,'age ' 
groups and those that have reached puberty, -Artilery hair tends.tc 
appear about’ two years after milc hair. (Harrison et si, 196U), and 
as hair darkens with age (Legneke.end Twlesselman, 1976) It would 
seem easier to detect In young adultsI which would, affect results, . 
However, this aces net''wholly account for the large differences 
between Orkney and Shetland, The genes. involved may well be .pleio-- 
tropic in action and environmental, factors 'may be an' unknown influence, • 
Perhaps more time and larger samples in surveys of body hair.would 
produce less erratic results.
TABLE ?*1 i| 1u m t  bridge HATH ;1H m  
, Present
a a ® ; ; ' / ;
Absent'
Shetland -/ Ho. ‘ 1- ■: ■ ^ Ho.
Male;;; ■ er a '8 9 . 0 1  ■. , 1 1 0  ■ 10.99
.Female ; M ■ lo.iiB-.'; - -10 ;;;9.52
Total 1?6 89.79 ; ' ; 2 0 10.20
Orkney Male . 20 '9fS2-' 1 9 0 9 0 M
Fenmle ■ 22 11.17 175 ;f 8 8 . 8 3
(1st survey) 'Total ■ . ^2 10.32 ■; 365 89.60
:(2nd -'.survey) Total ; ??;/ 27.!5p,:V;'0 ; 2 0 3  ■■■■■■.■ 72.50
. (Combined) Total 119 17.32 568 62.6?
TABLE;■?.!£ - ABB RAKGB CORBEL AT ISO WITH'
• m m ,  m a m s  m m  w  mi orkmt sample;
Are - \ 5 - 3 , ' 9 - 15
15 : 25
"Female- 1 1 ■  33
■ Total . . i 26 . ■ 58 l
•\
■partly on optical effects* In a. dart iris'there are abunda 
seated .cells in the anterior layer of tissue* these are re
lighter types* A progressive decrease-in the amount of pigment yields
\ \ l ■ : 1 v -
a' graded, series of colours.from -brown to-'green and'finally to blue
Introduction
The colour of 'the' iris- depends partly on granular rael
and.grey
The iris pigment restricts the entry of light into the eye 
through the pupil and helps to protect the retina.against damaging 
ultra-violet rad-ation. It is by. no means' -clear whether depigments- 
tion within the range normally.occurring in a population has-any. 
perceptible influence on visual functions * though the- sore extreme 
pigment deficiency of albinism is associated with avoidance of strong 
.light and some visual defects (Harrison et.al, 196it)#
. The iris is not a uniformly coloured area# In the lighter types 
the tissue of the anterior layer is thinner in seme regions than . 
others producing characteristic redial patterns and. the melanin pig­
ment is not -evenly distributed, sometimes forming well-marled spots.
In' view of these complexities .eye-colour. Is difficult to -record and 
to analyse genetically.;
Sets of glass eyes and colour cherts have been-used as standards 
for matching eye-colour but the fact that the iris is a very small 
area, ’ varying in extent with the degree of contraction of the pupil 
and exhibiting a wide range - of varistl on in details, presents problems 
in recording. The use of different sets;of eyes and probable obser­
vational errors male any comparative work doubtful. However, using
the.full complement of- sixteen eye colours m d  rangiry the phono- ; 
type frequencies into' categories of dork, ®cdn:m nrd light’ types,: - 
produces areesoneble assessment of.-eyo-colour within s,population...: 
'.which can be used Tor .-valid 'comparisons. : -
. -It has been stated that dork :eye .-colour is -'dominant tc loiter 
shades . and while this -mny..be.tree S,n p ronerel way,. clear segro- : - 
cation is-obtsltied; only if minor degrees of variation-•sr© Ignored ’ 
and colours ere yrmjpad;in"definite categories.-of ’darky mixed and ;
■ light*. It is -probable that"there are namr genes- involved,' - seme -; 
•exerting relatively largo* and sore smaller effects, either in ..the 
. ascent of ‘pigment or: on the: pattern.; .of-..-tissue atrophy.,- Sex-linked - - 
-Irenes' may be involved as In; some European, •p1' i *»hi on s' dark eyes ore 
' more:-frequent in females’ (Harriscn et alp ly»h"),- In other regions 
light eyes frequently occur in dark-haired subjects. Apparently 
some penes appear, tc effect mainly .eye-colour '-while .others have s .- 
more general effect on plpmertetion*-
’.- Daol (t9?^) has stated, that differences in eye or'skin pipien- 
tatlon m y  wall have resulted ...fr ess action; of; natural selection on:-. 
'otherfunctions cm •» r»i«ptetlrr penes. Tret rcnyyr to be pleiotropic: 
and inmsmmals (e.g.the r a t )  'have- ether f^rct^re besides r*rmeistattcn. 
-There, seeps little .reason .to- suppose, the si teat ion in- man-’is .-any1; 
.different. ’ ; /,
Results
:'; The-Orkney end Shetland samples were assessed using the 
Martin-Ssller set-of;eyes,- with the ape range of the children being 
five to e-^hteen -yesrs* fery.high frequencies of prey, dark and light 
blue eye. colour'XHariin-Salier categories 12,-- lit* and 16) -pare
fctmd. k l .& i (K»1C63) In Orkney, iiT.IO? (K=165) in Shetland, with 
an overall total cf 1,5.625 (E-152S) (see Tables 7.16 and 7.17). 
Retailed- spectrcpheic?s«tric studv of Orkney heir is rot complete 
-but s oteple'rolcur-rrtcbiny into a ranre of obc divisions demon- 
strates clearly that about 601 display the two darkest■degrees o f  
hair' colour* with'about 2 t shewing cry. hlondross (Boyce et al# 1973)*' 
Hits appears in direct contrast to the core-colour frequencies end 
shews a distinctly complex system of■pigmentation inheritcnee.'
. There 'is little sexual 'differentiation with females in-both 
samples having a slightly higher-percentage of tbe dorter '.colours! ; 
Orkney males» 3*21 f*; females ij.TBf ? Shetland males,. 6.28*? females. -. 
1.26- (see Table 7.17). Shetland hoe higher percentages of the darker- 
shades (sec Table 7.16).
A breakdown into arc-sets nay nredvxe a more significant contri­
bution to the elucidation of genetic inheritance'of eye-cclorr. ■
Discuss ion
Studies of eya-celourhave • found.that ’adults of North European, 
origin have more darkly pigmented eyes than children of the same popu­
lation (Bean, ;1935? Brues, 19k6p. !Ceugh and Bead, 1?63g Buffer* Barer; 
and Scukup, 1970). -The-assertion has been made that eyes become darker 
from, birth'to■maturity,. the -period of greatest change'occurring during 
adolescence (Scheinfeld, 1965)*
Natheny end Bolen (1975) assessed ©yo-colour for children, from 
three months tc six years, participating in n longitudinal study in 
twins. There ware 169.female pairs * 161 male pairs and 60 oppcsite- 
ser pairs. Age'trends, established by sampling crly one member of 
every pair, shewed n marked decrease in lighter colours with. a
• correspond Tv- ir.crenss in- dart cr colours. The-. eyercolour Tin; females'. ; 
was. mere represented .by dor! or shades and was 'pore;likely, to lap -.
,' changing rather then repairing \steble t?5fh are'. :-This acceleration ' 
.evidently reflects a true, spy,difference, with ' females ■ reach' in it;.. . 
the 'target of darker eyes, .earlier•.than'males in; onanner • anel.efoiis 
to other patterns of . physical Roturbtlcn .'for sales and females*-' - 
.Legpeb©' and' ft*ie&sol*mn '.(19?6) found in their oindp of c - large ;snnple 
of .Belgian, schoolchildren (1*665 males, hi DU females)' that .'hair colour 
.also darkens with'-age* ; :i i  p.. 1 ,f-.y P- p-i
: These results were not'- In- agreement with those of Babiclcvn 
end ifeli-ova (1970) - who. found no changes in. oye-cbloar. for children'; 
between four and nine years in'their; Csec* oslc\TH?n sample* 1* er5 
: in the Msthe-ny and Brian study - the -greaiesl charges were net ec? be fare 
four pears. These conflicting results raTc the c est-Icn of tbejtjse--'- 
fulness of eye-colour.testing and genetic hypotheses'without; taking 
into account sex' end sf.e. • Genetic modeln for the inheritance of' eve-' - 
colour need.tel bo-tfcrVnd out within the framework of developer tsl- 
trends* The. penes‘ for pl.pr20ntali.cn appear extreaely pompl.ey ;snd- the-;, 
instability of cclc'erins witrr ape-map be  as penetlcally;determined';' 
■as the, tormTiel colour itself .whether itibeVnair*’ shin, or. eyes.''
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In troduction
Julia Boll (1926) .nsr-lhrs ts fnl; f:q «  TSt .Suggestion*
•derived'possibly- trcsn H erae litiis ; th a t . . indl v idnal' co lours do •"not 
necessarily : ap p ear.th e  arose t c  a l l .  pscjple*-' .There appears to  be 'no
• f a r t h e r 'm ention• of . th is  idea in  ,any- source mfcilbl681t .-idiem an
iDoctor\T u rb erv ille  o f  ''Salisbury described  a"■ esse' o f .e o lc u r-b ltn d ce ss . .
in  b 23 -y ears-e td  maid# tn  1688 .Robert Boyle 'described -ieor* cases* hi, 
Those re p o rts  ^ s r a ;iaosiIy Ignored u n t i l '  d e sc rip tio n s  by :Huddsrt--in "
• 1?77 and by S co tt in  .1??B o f  -.families '.- c f  se r-lir,k ed  co lour ■.•'defectives*''
. Hcwever, sustained interest ' in' defective colour "vision"was, begun v.-. 
a decade later'by the famous-. cho • 1st Dalton*. In 181.1 .Vardrop -recognised 
the lack of red, and green perception vhile. Hcrscbel in -1633 described:: : 
the t©r» “dichromic vision11* In 1837 BeebecK*.-surveyed- the literature ■: 
-and described a closer eases. He Introduced tbs m thpd >f matching- h.-y i" 
skeins of yarn, of.- differ inf colours, and %m$ ' the first • to • distinguish ' ■ 
bate: cm protanopes - and. as vter an opes». Toe pbculi ar familial ’ distribu­
tion of defective .vision'' wos recognised' and the pedigrees -of .Scott ■
• and fiaddsrl'ware re-eoouiinsd, I n ’187.6 Herr.?” rybliefeed -an;extensive'
• ped igree' demons t r a t i  ng: the luedo 'of, inherit on ic and. In ■■■1911.'. Milaon: .-. 
recognised 'tha t the-penes responsib le  ’’fo r  common d e fe c ts  o f: co lo u r-  
v is io n  .might be 'p resent. on th e  box chromosome# This led  to  the  
development o f co lour ch a rts  and the encasloBcope by Nagel tjbich a re  
s t i l l ,  the" p r in c ip a l techniques ;of d iscovery  and' c la s s i f ic a t io n  . (Kelnus ♦ 
1965). ■ ; ■  ^ ; ;-k
"■ fins colour v ision .d istu rbancee '-’ijere c la s s i f ie d  according to  ■ .'.■■■ 
Pickford "(1?6£)-.end Laioirsld (lo5;/) who p a s f / l a te i  tb s-ex isten ce -.o f -h.. 
tuo naln 'types of d e fe c ts  in tb s  red-green  :ger.lesh'.{Protan, -tteuteh)-.,' . J
and -in the b lre -y a llo F  s e r ie s  (T r’.tsn* T cternn). Colour b lindness 
regains a standard  examples o f - sex-15nVed 5nberitm ice in  Kan.
I t  is .- in h e r i te d ’ m  b to ta l ly  ca:->l ‘rtcc* ch a rac te r  on the 
X-chrraiesoitiG. Females 'a r e • co icw -b lirsd  i f  they  .are bomespgong f o r  
tho gene as i t  I s  .'recessive* - The terms * dominant1 and 1 re c e ss iv e 1 . 
can have no meaning in  the  male, s ince  th e re  is  only.-one .X*-chrcaosase' 
nod. th e re fo re  only one co lcn r-v ls lo n  gene. -Hales a r e •s a id .to  be. heml- 
sygooe. The st& poss ' P c  natingo  betvsen the  three, possible.. fem alo .; ,/. 
..genotypes and the tv  f ^ s ib le  Kale genotypes, e re ’ rep resen ted  ;ln  
■Table l . ' i o  .- ■ ‘ - ■ .
TABU 1 rOllIBLB KATIBOB nop S 'lfoR  'Qlv-HsS
Genotypes c f  Paren ts  0 anotvpos of:Oh?Idren
He there  Bathers • ; Bops • Diwrhterg
cc a ' - -c/ ) ' . ca
....CD ; : . c ■ C Cc-.V '
. :Cc-' : . c .'■ xn l c lee *Cc
C o  C  ^D 3 r. - I f 1^  "* **C
. . '-.ec ■ / H . c i Ce.
■'■. cc ' -c: o ec .
There are ins important points characteristic of recessive'sex- 
linkage, c cl orr-blind men are much .commoner than, -colour-blind TTc-nen; 
Hhenovcr s rene for scion r-blindness occurs in  • the r.ale it Kill bo 
oxprossod, phereso'the fesisle m s t  pgssoos two genes. The fennlo,
.therefore* ssuet inheri t c. gene from bcph; parentsh.tdiile th e . co lcor- 
v ision  of the nalo depends enlv on the ra P t .T c  of.1 th e  female* The■.. . 
typ ical pa ttern  of .recepsiye so r-lln l cf ‘rh e r 'ta n cs  th r ''n p r a mmher
o f generations'-fo r ©nob a condition os o o lo rr-b lin d n a ss* which i s  
r e la t iv e ly  r o r a , - i s  "one of a l te rn a tin g  generations of. o ffooted men 
mid s o r r ie r  woiien* / ' . .
■ In sp ite -o f  tbO/.ec-ntler -tto s p f  the re la tio n sh ip  between l ig h t  ■ 
wave-length's end,. " 'v sensation i t '  I s :p o ssib le  by ttsing ’.standardised . 
techniques' to  e s ta b lis h . ind iv idual differences o f  co lour percep tion  \  
end,to explore nmj aspects of th is  v a riab ility *  Colour .ch a rts , -such 
as :the X shihare, ere ; ex Grade guide w hile .'instrum ents l ik e  the anom slt--■ 
scope give a - f a i r ly  accu ra te  assessment * ■ However,. no. ■ a  triple in s tru ­
ment-or -test has .yet been .proved. In fa ll ib le  in the detection  of ' 
'eo id iir-v is ion ’defects- (Kalnce* 1 v-6<).
'.This hppl las p a rtic u la rly  to nnsonhistlcctsd  peoples,'• perhaps. 
nndor'adverse f ie ld  conditions„ m point to  bn -remembered rhon com-' 
-p arin g .data in a world d ie tr tb u tl  on. Tr-c one o f the Xshiharn c h a r ts  . 
w as"extensively d iscu ssed 'b y  Covonaph (1955? 1956). They appear to  -, 
be alcriic le 'but e f f i c ie n t  K.eans of screening a 'group or popu la tion ; .: 
bmfeyery; ;tbe various e d itio n s  d i f f e r  -considerab ly  and any com parative, 
-.work i s f .e f ' nec 'esslty idoubtfu l*
■ - l i f t s  c lear, fr-"-' or * t5 ee l • test*  ny i b ? t ' thorn' are  .really, a number 
of .d iffe ren t bbhonta! It Ics ’in le t  V.rp'-yrcpnerl. togs then tinder th© term ;
1 co lou r-b lind* ; •
There’ is ' no may ' of knowing- -the - nature of the . sensa tibna  which--a 
co lo u r-b lin d  person experiences..H ow ever, the  condition  can be d e tec ted  
and i t s  ph y sio lo g ica l b as is ' in v estig a ted  by t e s t l n r  the- s e n s i t iv i ty  
to  l i g h t  throughout "the v is ib le , spectrum* th e  a b i l i ty  to  match co lours 
and tc.-■■distinguish c lo se ly  s im ilar.'hues. C olour_confusion c h a r ts  l ik e -  
the Xshiharfe'-; e re-> r- w fLy..'reed’ fo r  screening  la rg e  number©• - Mora ••
c r i t i c a l  .tes tin g  i s  tinse-ecn^nlnf* end req u ires  sp e c ia lise d  equip- 
■ffiont* With isi strum cm is  1 l ie  the ‘f r i f h l  oolc-urimeber sp e c tra l  
s e n s i t iv i ty  c m  be- occuratoly. Kosrored mid co lour-hatch ing  end .. 
.d isc rim in o tlcn  c m  be te s te d  with p r e c is io n .. The Ptchford-Hleolson-' .- 
anomaloscope by means of which the  amount o f rod and green l i g h t  • 
requ ired  to  -.match a s p e c tra l  yellow can be .determined i s  in d isp en s­
ab le  in  d e tec tin g  m ild terns  o f co lour d efic ien cy . '
'■An a sso c ia tio n  between eye-co lour, h a ir  co lour m d  d e fe c t!v s  
colour v is io n  h m  b een 'suspected . Some .s tu d ies  (B urt, .191*5? Vernon .
&ml S trako r, 19h3) have abtzm th a t  in  a la rg e ' B ritish  -sam ple'ths 
frequency of colour d efec tiv es  i s  p o s i t iv e ly ’co rre la ted  w ith the,
' darkness- o f  the i r i s  and perhaps- with .ha?r  ~ ““^ntaticn# ''.P ickford 
(1951), however, found no a sso c ia tio n  with .shin colour-
There appears to  be an asso c ia tio n  between alcoholism  and c o lo u r ' 
v is io n  d is tu rb an ce . In  a recen t paper (Crug-Gobe;.: ©t a l ,  19?2) r e s u l ts  
shewed a h ig h ly  's ig n if ic a n t  a sso c ia tio n  (p >O.C’OT) between b lu e -  - 
yellow co lour v is io n  d istu rbances nrd a lco h o lic  e n p e tite . '
Recently, 'several papers have stressed the importance of the 
study of colour vision together with v is u a l.acuity in m  evolutionary 
content (Grug*-Coke, 1970? -Pest,.-.1 :>s62). It was thought that the lower 
frequency of defective colour vision' in primitive as compared to  
c iv i l is e d  peoples could be explained by a •relaxation of selection 
ag a in s t individuals with the  condition in agriculture! s o c ie tie s  and 
contrasted with huntor~g«tberers* Heel and Post (1963) suggested - th e  
possibility cf a transitory "positive” selection, for colour-blindness 
during the  transitional .period when bunting was being replaced by.' 
a g r ic u ltu re  and pastoralism, Colour-blind .individuals world probably 
have turned to other'work besldos him tiro and since pastoral1st pursuits
ore lo ss  hazardous © positive  -.selection ovoid. have re su lted , They ■ 
fu rth e r pointed out th a t colour-blindness provides the only c le a r  
example of ,* simple inherited  defect whose•' frmmmy seems to  liar© 
increased s ig n if ic a n tly  with th e ' ©dvent el* c iv ilisa tio n *
Ralseno (1972) using leathern  olmris shewed th a t only on© of ■
120 scales ' from .two populations of B rasilian  Oerapo’ Ttidiens was . ' 
co lcv r-b lind* ' .The defect m s  not-observed m m g  1ij9 i-remm and both 
sexes presented excellen t vision* hbll© these result©  emphasise tbs 
evolutionary in te re s t  of the cetmr*k\ind th ere  i s  the
p o ss ib ili ty  th a t the c o n d itio n 'cm be acquired# Ac XsMhera c h e r ts  
are a crude method of de tection , id e a lly  surveys ©hemld. .be conducted, 
with portable erov-elcscopes.' The problem is  that th e ir  use Invclres 
ccmnlox tImo-ceno*mry procedures pins the .need fo r  © sk ille d  observer#.
There in l i t t l e  hofornatien about c<!o»*v-bltr.d*!es3 frequencies 
in  sub-Saheran Africa# With the exception of the study by Adam,
Hsfssigye end Tebanie (1970), results obtained wore with .Xehihsrit 
. charts so perhaps these should bo regarded as minimal '(Barnicot, 1975)# 
In last Africa, Simon (1951) found 1*?® colcur-blind males in the 
Baganda, while the 5?wc3t!fmiiof? b y  M m  ,{1!?0) -using an ancmnloscop®, 
raised tbic firu.ro to 3»9;d* :Hiernaux and lor dor Berptit (195’3) reported 
'2,5-2# To in a large sample of T;tsl nml H--.--.tu males* In southern Africa? 
Tobias (1v6f>) r It a© 2.14s *67 for aero relatively small samples of 
Tonga and 2,?f for Bushman males'from various regions. He records .the 
- surprisingly high - figure of 2Ji5 in 8 3  Bushman females, wb.ll® Barnicot 
(1975) found 1 #hv (which included three related subjects) in 211 
.H«dse males*
Golcur blindness sasms to  be most -frequent in  -Europe tnonplg equally  
high figures are reported ix-r m:m As ly tic  populations with s l ig h t ly
lower vatuee in  China rmd .Japan. The d e fec t has-a  vary 'w ide -geo**- ■ 
.graphical d is tr^ b y il^ n . and-ths presence o f r e la t iv e ly  hibh  fre*  .
q s r^ V r  r-H-s ^  t 1^  TTrr ld  re.’^ ePus u?rersweysd (see, feb lg ; 7.19)*■
R e su lts .-; '
■ \- .. Orlmev crd ^ h e tlcm  r e s u l ts  f i t ’w ell i n to  th e  p a tte rn 'f^ * .;.•:,: ;; . ■ 
European populations ;(.see :,Tabl© ’:7 ,17), The vm rV rc lo c a litie s '- in ..:  ., ; ;. 
Orkney shew su rp ris in g  d iffe re n c es  -■ in ' th e  -percentages o f c o lo r r -h l tM  .'-;-'• 
'males.;'. Urn -'.Wfest .Mkinlrrd *? i th  10*76' (*«2£l). and th e  East A ir la n d  - 
:'witb 2*79% .'(H*2$1) ere the.-myst .s ig n if ic a n t,  - e l l  .-known Mbs? .being - 
.©xclnde'd;-;(Table ?V18),
'■ M scm s'sion' ■ '/•"
Post, Itr. e r e v im  (1?63) o f co lou r-b lindness .frequencies in  ' •'
:-B ritain^ 'fomoi evidence of declining-frequencies from south  :.to north  
Pnci.’frem west to  e a s t. ; Hie. o v e ra ll f ifn ire  fo r  the e a s t  o f Sectlend.
-baaed on 6236. in d iv id u a ls  i s  * 2u 92£.- compared with. a high .frequency■ e f  , ' f 
'9.277 fo r  south-w est Pr»slandt b s s s l  or 66iiB individuals.-. .In e' - la ta r  .'.-■
-" - f
p ap er-P o s t■ (1965) s tud ied  th e  d is tr ib u te o n  c f  frequency ra tes- o f ..■'.
, e o le r r -b lird rv s s  in  Greet B r itp in -.-*sirr rnuol r e c r u i t s  from 1 1  s ta t io n s ,
: trith- a-, to ta l  of 123.815 -males. Two reorrsph icr-1 ; c lin g s  were rev ea led , 
or?e .grading frcv  8.-105 in  the south c f  Br-plend to  $~6f in  .Scotland*
•the-o ther' grading Trcn Xerer ra te s  a long-the r e s t  coast t c  s l ig h t ly  ' 
h igher towards the  w est. The former d i n e  i s  no tab le  both in  e a s t  
and west? th e  l a t t e r ,  though le s s  worked, i s  a t a t l s t 1 c a l ly ' s ig n i f ic a n t .  
■’■■A' tentative-"'explanation of th e  n o rth  to  south c lin e  was suggested 
• in  -the■ sh o rte r  -h isto ry  of c u l tu re •'between north and couth n.t any period  
o f h is to ry . From''this'; P est c tto a p ts  to  pi. ace. the frequencies o f, B r ita in  
in a census fo r -the -"relaxed -: se le c tio n "  .hypothesis* However, Riches
(1966) in  a study o f  East K en t'ch ild ren  produced the  low f ig u re  
•of 3* 377 which moor&s with the r e s u l ts  produced by Vernon end 
S trsk c r  (1983) ■ of 3#SS%-in-.S&lnburgh,. 3*207 'in  C h este rfie ld  and 
lu377 In Romford.■ These do re t  f i t  w ell' f r tc  Pcat*s geographical 
■ c lin es. The p re sen t survey, o f Orkney..' and. Shetland* ’ th e  n o rth e rn - 
•;'most ’ is lands '.■ of B rita in  does no t f i t  in to  th is  p a tte rn  e i th e r  (see  
Table..7 .18) w ith ‘f ig u r e s . o f  6*135 (R-697) in  Orkney and 9*01 f \ .  
(H»233) -in. Shetland, -with a combined t o t a l  of 7.31£ (!?*930). -
: ' i f / l t  could-.be.-shown th a t  - i t  i s  th e  .severer dichrom atic d e fec ts  
. which ore a t  a lower frequency-in  Orkney and Ohetlsnd,, t h i s  world 
- b e t te r  support b is /" re la x a t ic n  theo ry1*, However, m  th e  r e s u l t s  were 
-obtained with X sb lh arr•ch a rts  the use c f  more so p h is tic a te d  equipment 
on', a la rg e r  ^ie .of the: population world be necessary*
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Introduction
The compound, i&enylthtceerbimtd© (P,T*0.) lias .the -molecular I
•formula
.m —a—m,II 2
and it is wall accepted that the specific linkage
is responsible' in a still unknown m y  for -the dual taste
perception of this compound ss-wall m  o th e rs . possessing  th e  same 
grouping* Harris and -Kslcms (19li9a).ifh© amongst o th ers  (Hcpfcias, 1 ^ 2 ; 
Biddle and k^bsr, 1 PliU) have investigated the m atte r, ' hove, shown that 
the  power of d iscrim in atio n  betw een. the two classes, t e s te r s  • and • 
n o n - ta s te rs , is most certainly the highest in the case of P.T.C*
Acetyl-thiourea, and thieglycxaline ©how the sssia duel taste perception 
but to a lesser degree,
A te s te  th resh o ld  denotes the  minimum concen tra tion  o f a com­
pound in  aqueous so lu tio n  that can be d if f e re n tia te d  t r m  w ater 
(Fischer, 196?)♦ Taste th resho lds fo r  ?«T,G. follow  r bimcdel dis­
tribution in  e population  differentiating into, tasters and non-testers*' 
P*?»C* and related compounds appear to be a special case since, taste 
th resho lds f o r ' most compounds dc no t follow a biraodal • b u t a Gaussian 
or rcorcmodal d is tr ib u tio n  (Fischer, 19-67)* I n a b i l i ty  to  t e s te  P.T*0* 
i s  in h e r ite d  as a recess iv e  t r a i t ,  but th e re  Is  seme evidence th a t  
the  th resh o ld  is  higher in the  heterozygous ta s te r s  (Tt) than in  the  
homozygous (TT) (Harrison e t  a lg  196U).
. In 1931, Foe discovered the dimorphism in to  tasters or.d non- 
tasters using dry P.T.G* crystals, Snyder (1931, 1932) using p o rs- 
ethoxy-phenylthlouree In dry  crystals in family studies established
with some d c u b ts 'th a t  .th e . dimcrpM sm was c o n tro lle d  by .two' e l l e l l c  
genes end th a t  the  t a s t e r  gen©- T ,is  dominant over i t s  n o n - ta s te r -  ' 
a l l e le  t ,  ELak.eslee. end Salmon (1931); came to  a s im ila r  .conclusion^':' 
w ith 'B lakesle©  -(1932): r e a l is in g - th e  n e c e s s ity  of d isso lv in g  -P.T.C. 
c ry s ta ls  in  w ater in - s e r i a l  d ilu tions*- so th a t  the  ta s te  buds; ccaild 
be mere -e ffec tiv e ly ' © tto le te d * ' -Hartmann -(1939) and Falconer"and 
. F ish e r - (191*6) u s e d -s e r ia l-d ilu tio n s  bu t t h e ' method .was' .significantly-- 
. improved by H arris  and Kaloius (19li9b) by  in tro d u c tio n  .-"of th e  * s o r t in g  ■ 
'• technique* By. rep ea tin g  t h e - t e s t ; w ith in c reas in g  co n cen tra tions ' of. 
P.T.O. the  .th resho ld ' - concen tra tion  a t  which the substance i s  f i r s t '  
d e tec ted  can be determined* Use d is t r ib u tio n  o f th resh o ld s  , in- .a . 
population can then be p lo tte d  as a histogram * k  bitsodal d is t r ib u t io n  
i s  obtained* ,o n e 'mode fo r  the ta s te r s  and one fo r the n o n - ta s te rs ,,  v; 
but th e re  i s  u su a lly  seme overlap  so th a t  a few s u b je c ts . are  d i f f i ­
c u lt  to  c la s s i fy .  The t e s t  can be fu r th e r  refined''by correcting . 
for. th e  - s l ig h t ly  g rea te r, s e n s i t iv i ty  .of -females, the  d ec lin e  of taste-, 
a cu ity  with age,' and fo r  general ta s te  s e n s i t iv i ty  to  b i t t e r  -'m aterials 
-by-control- t e s t s , ss suggested by Kal&ms {19£8),
Tills c la ss  -of substances cent ai ring.th e  'grouping "Hr-N— Cae'S'i 
a l l  depress the formation of thyrcacine - by th e  thyroid gland. There . 
appears to  bo a s ig n if ic a n t-re la tio n sh ip .b e tw e e n  'P*T*C* tasting and ' 
th y ro id  d iseases  (Harris and Kalmus,-19ii9hf ■ Kit-cMn et a l f 19^9?' 
Hhepord and C a r tie r ,  I960; Mendez de Araujo et s i ,  1972). I t  has 
been argued th a t  the high prevalence ..of n o n -ta s te rs  in  patients with 
n o d u la r ' go5.tr© and. athyre o tic  i cretin ism and the lew frequency in  
persons w ith ' d iffu se  goitre isay- r e f l e c t  some -deep-seated- variation 
in the metabolism and disposal of antithyroid substances (Mendez de 
Araujo q t  ©1, 1972). Apart from the r e la t io n  between malaria and.; :
haemoglobin /0-chain. polymorphism (Mourent, 1970) th is  i s  perhaps 
the  only example o f'.a sso c ia tio n  between, genetic ' polymorphism and 
d isease  incidence in  men. which -is e v e n ,p a r t ia l ly  understood in  ■ 
biochem ical t e r s e .  .
Hie ta s t in g  and n o n -ta s tin g  "dimorphism of P.T.C. an d -re la ted -y  
compounds apparen tly  an tedates the  sep ara tio n  o f human stock  from 
anthropoid ages s in ce  the same phenomenon has been observed in  
orang-utsnd and chimpshsee*. There may have been an evo lu tionary  
advantage due to  t a s te - s e n s i t iv i ty  In d ie t  which once i t  has a r ise n  
can hold th e  ta s t in g  .-polymorphism' tr ith in  c population even a f te r  I t s  
i n i t i a l  cause has vanished.
R esults
The r e s u l ts  of ta s te - te s t in g  fo r  Orkney and Shetland are  
summarised in  Table 7*21. There appears l i t t l e  sexual d if f e r e n t ia t io n  
b u t the  percentage of n c n - ts s te rs  between th e  two coun ties i s  very- 
d if f e r e n t .  Toe d iffe ren ce  in  percentage n o n -ta s te rs  in  two Orkney 
lo c a l i t i e s  i s  very  l i t t l e ;  however, in  Shetland th e  f lu c tu a tio n s  
are  g re a te r  (see Table 7 .2 3 ). As both surveys were done by th e  ''author 
t h i s  could be th e  function  o f-sm alle r " sa m p le sa , le s s  comprehensive . 
s e t  o f so lu tio n s  due to  tra v e l  d i f f i c u l t i e s  and a decided re lu c tan ce  
on the p a r t  o f Shetland schoolch ild ren  to  d iscu ss ta s te  se n sa tio n s .
The Shetland ch ild ren , rn the x«?hole, p a r t ic u la r ly  in  th e  more remote 
is lan d s , were extrem ely r e t ic e n t  in  the  presence of a s tro n g e r. Per­
haps comparative r e s u l ts  should be explained with th is  problem in  
mind, p a r t ic u la r ly  w ith remote or p rim itiv e  groups speaking a d i f f e r e n t  
language. * Vlth .re la t iv e ly  small samples the d i f f i c u l ty  o f p re c ise  ; 
establishm ent c f  t h e ■antimode and the in e v ita b le  Inclusion, c f  r e la t iv e s  
lead s  tc  considerable problems in. determ ining n o n - ta s te r 'f re q u e n c ie s .,
Or! nr to -resent cfvsnsntn on i'iSvtcr**4iT ftfosatcrcft, 197$)'-.r e s tr ic te d  
no& m *' *'?**■’ tnlv rseessarn ear's!*:?' ©nailer ©nsiple rmnbar©# ;,
' •••£■»©. sl~r%.t3v hl.rher percent are .rf ren-insi'er© in the Besrnass 
ration of 0 rknrr (fi2 f - Foyeo et sl»;.19?3) m y  bn duo• to a m  dif­
ferences-'©s.-tbi® t-tn© ©n ©dult' ©ssnpt®* Harris and Kalncs (10h>) 'ccn-.- 
: cludod -tfest them t© ■ ©boat: ;dllti.tibn step &©«re«g©' in. ©©©©itiritr •
''■tor'-eachf th ir t7~y©RrIncrease in©g*u'. ' 5.
Hire f 5 c-n
r 4  c* land in Ins review (1966) - of ’ non-iostnr frcqr.enei.es ,snff- ,. 
-gest© !■•'■■» there rrv 'o'single'bononnnoo^s .population in.most
■ o f tbo United. ’Orricr irU h  ib n  m s  nihility o f  a idea'.',in  th e  per-f  
cent o f f "  r 1 -i'r-.rrr r. * rtbiycrifi* In. Table 7 # 2 2 tn.ib’phhe •-ercsptimv 
of ti;€- Orbnr-y ‘ ev.«roo.T ft rams t>e percentage vain© in each' instance 
rpprcrimtos to 30. To? ^ *mll flrurn ncmto.sters ’ in Orkney :1 s . 
n r uni 3? m  while th e re  Is a © lig h t  .-dr t ~ v in o  mrtlfto•Shetland 
to 2f,f. As nary ioosiyrani -groups in Brit sir, narticnlsrlr -in the ; ■ 
rcrihsrn islands arrived. from'tbs ^caritfnvlan. nrea it is of '-interest ' 
•tc nets non-taster frequencies ip some - Scandinavian .populations*
Psrimrt .: (Mohr, 1951')., ■ 3 1 .BI.
S. Sweden , (Afcsson, 195?) 32.0? :
Sweden . (Hcnanus, 1965) .18.8? :
Konray : (Merton, 1 / 5 )  30.5?
These .-fibres do' not .differ olgnif Leontiy, frcn the English' values 
apart• froTi.tlVefSwedish-f l for©*'(K&tanus*• 19655 cf,lOS.
It i s  ■ rfnoo-r/ tthoiher o r.no t ••ih©:-biph - percents.?:© 'of roe “te s te r s  
■■In./Orlxisv i s  tl rV ented in - Scotland cr i f  I t  .can .be explained 
i n 'terns cf mnctJc dr*-ft v founder- e ffe c t. .U ofo r.tynato tr. . snsll"
■sample's 'and restricted1 use" give no clear pictura o f Inter island.'.
visriftti- n* rrcl there appears little difference between ri.ri.wntl
end Fr.rdr~ w'Ah only- n eliohi rise’ inbrinn-tasters in-the northern’ "••••- «
is land  .'f C.”T.- d r ,  : V;.;..;--.:P - /. . ; : . '., ; y
Snetlend shews much larger, differences between .loeeliilesvinst ,| 
the two Iiemr'ck .non-taster, oare-eri tapes,of '21; and 1|5.for the upper ,'.. 
end V w er schools :.are Ibis .smy he an'- ape difference Xmi .
i t  is more likely a Tenet'* m  o f the scfiplin'p-diffierltles ;encountered 
The 1nlar.d free 'rreies of JjO* (F nst) and 33r (’balsa^) both show a 
sicr^fleant ©error! difference which r*nv be .explained by the small 
numbers Snvelvad and the-inevitable inclusion cf rolsllves fron e 
very clesolril ccryrjn'- ty* •
ho satirfaster:* erplen^tlon-presents: Itself ns-.tc t r r/*erent; 
non-taster .frequencies in Orkney end Shetland ‘which, like; the• 
Hcrttesbsrland f.!f re of 2lty ( Sunderland *. 1966); seems: anc-salons.- wi tb -. 
the rest -of••the United Kingdom. The effects of .renetie drift'-and.' - 
•-founder effect an?si- be viewed with 'eai t! * *.« -> "re at deal -Tnbrbi •■ 
v6rk.:needs ter be . rh re# ■.■•■',-. ’ -
■ -Thy.'different trntc thresholds fr\md' ltd various pcpi?l~i!m s  
(Ciiai, II6 7 ) r a m  -precise cmessnent of the antdr.Ho diffl** in. This 
shift- in .the o M v x d c  isy bo duo to vrr'ailni In the rhysiclc-m of:v 
taste ononr different-'p.^Ihticn’s, emncnuorrtly nr-mnrr.tive -work - Is-.', 
difficult and factors sorb'as this Must 1b taken- into riccftmt; • -
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TABLE 7.23 NON-TASTERS WITHIN LOCALITIES OF
ORKNEY AND SHETLAND
L o c a lity  T t
Orkney Ho, No. No.
Kirkwall (T o ta l) 21*3 155 63.78 88 36.21
n (Kale) 108 70 6h.8l ■as: 35.18
it (Female) 1'3S 85 62.96 50 37.03
Sandsy (T otal) 75 h6 6 1 .3 b ' 29 38.67
it (Kale ) hO 2h 60.00 1.6 hO, 00
« (Female) 35 22 62.86 13 37.1h
Shetland
Lerwick (T otal) 30h - 78.29 - 21.71
it (Male) 1U2 - 76,76 - 23 .2h
it (Female) 162 - 79.63 - 20.37
Lerwick (T o tll) 122 5h. >2 - h5.08
tt (Kale) 60 - 51.67 - h8.3h
it (Female) 62 - 58.06 - b1.9h
Fhalsny• (T o tal) 65 - 66.15 33.85
t? (Kale) 30 - 70.00 - 30.00
t! (Female) 35 - 62.66 - 37.1h
Unst (T otal) ho - 60.00 - ho. 00
it (?<'a le ) 15 - 66.67 - 3 3 .3h
n (Female) 25 - 56. 00: hh.00
Gene systems: (i)Le k i  (2} H h;(3) Sese; (4) ABO
Pfecursor
substance
Lc* substance Precursor substance
H
Stf
hh hh
H Se Se h  -  ; ' ■ H
sese or or sese Se
' se sc -t >■sese
H subst. 
(+ L e* + L eb)
Lea
subst. subst.
Prec.
subst.
Prec.
subst.
H  subst.
B O ABO A BO ABO ABO A
' y * y '  ■ ' r - . ' . ■ ; y
A subst. B subst. H  subst. 
(+ H + L e a (+ H + L e a (+ L ea’ 
+ L cb) + L eb) + L eb)
k--------:------ Y-------  —
Secretor A BH (+) 
type Lea(+ )
Leb(+ )  -
Red cell “  A BH (+) ......
phenotype Le(a—b + )
Lea
subst.
Lea
subst.
O
Prec. Prec. A subst. B subst. H  subst.
subst. subst. (+ H ) (+ H )
I  I ’------------ !
A B H (+)
L ea ( - >  -
LeM-) '
A B H (+)
Le(a—b ~ )
A B H (-)  A B H (->  A B H (-) A B H (-)  
Lea(+.) Lea(+ )  I e a( - )  Lea( - )  
I e b( - )  . Leb(—) Leb(—) Leb( - )
A B H (+ ). A B H (-)  A B H (-) A BH (+) 
Le(a+b—) L e (a + b -)  Le(a—b —) Le(a—b *-)
'------- ;—v-------- '
‘Bombay’ phenotype
Pig. 7*2 P ossib le  genetic  pathways c f  b io sy n th e s is .o f  A, B» H 
and Le® substances (Hace and Sanger,' 1970).
SSCBlTOR.mm
Inlrc duct Ion . d
Tv- ■'■■■■■■-si rnorle-toe srluv-'Oard 'other .rojo-ons Secraltlcrss .contain 
water selubl e' 7 •l.'-c.rpr:.t eiPs - with 'A -, r-' v r>; H soecl f e  1 ties; n.eecTcHrv• • 
..to the individual^ red cell ■ crc-.;p. Hcrc'/cr, 'there arcs sen©; irdt-: 1 
viduaXs in whom there' is no l e d  cf plyecp/ro tains In their /secretit i:r 
but the substances'- present are devoid of the characteristic-'A,.-. B; pr '■' -.'• 
II .specificities (Harris,' 195$)*.:Individuals carl be divided .intpitwb 
sharply distinct .classes (Lehrs, -19305 .• PutVonen, 1 930). ■;$c.creters'-: 
exhibit A . B cr H specifictty in' their saliva -and other-secretions, 
while ncn-seeretcrs do 'not. Ar.crg. Borfpeers,./about:fOt of’ Individuals 
are sooretors w t-? sic-- t -20l n^n-ccer-tors. secret or-.or;non- ’ - 
• secret cr si at- n of. or -rdfv'dnol 'is' ><'-r-stant»«r<3 ..genet! oally deter-" , ■• 
.mined. Pou'V- studies (Boh iff and fnsn’-'y 1 ?32) love' shewn- that■ the*., 
polymorphinst is determined by p palr:-of allelic rones referred. to’’-' 
as Be arc! oe. An individual carry! nr the Be allele I’het'er ho^csygons 
(Be-le) or hstercsygcss (fe se) in: a secretor... 'An individual, hosio-' '• 
sypous for the allele se is a r-on«secretor*l.Grubbv.Cl ?£l'•) shewed :.thst- 
the secret cr pher.en?cncn was verv closely ■sssc'cieted w 4 th the Lewis’ 
bleed groups, 1st Ceppellinl (1 1 c ) os tell. ’ shod tint 'then were 
.genetiosllf indc--cr;:iont, Toe .possilie .reset4cel..pathways Pf blo~ P ; 
synthesis and •r.tcrmlat I on ships '-f.A, f, H end Lewis substances 
ere shewn In Hr* 7*2.
Kesalts ■
The results, for the.. Be gene for:Orkney, and Shetland- are - 
summarised in 'Table-7.21*. The percentage cf non-secretors..differs =
...markedly in' Orlnsy (30.19) srd' fhetlpvA ’(20.5>b)♦ • id! tbin Orkney.' the - 
percenter© for Klrlwall (23.16) is dlf Br/nn-t from ’ those of-f trcinness
(33*51) end a -sample, o f  s c a tte re d  "perishes. from.mainland .'Orkney,.' 
(3U*&i)* However, t h e ' Strcsmees end me Inland p erish es  da ta  w e re , 
from © sailer m ore .localised- groups end th e  K irkwall sample m aybe.-.
■ more re p re s e n ta tiv e ••-o f ' -secr©tor s ta tu s ' in  Orkney, w hich b rin g s  i t  
much .c lo ser to  the 'S hetland , r e s u l t* ' In  both cases (K irkw all.and 
Lerwick) th e  main secondary school.was.' th e  source o f ■individuals, 
w ith ch ild ren  from e l l  over, the is lan d s  included in  tb s  group.
The r e s u l t s - f o r  th©■two;methods ’©re summarised a lso  on Table 7*2)4 
and show very l i t t le -d i f f e r e n c e *  The number o f in d iv id u a ls  i s  .some­
what le s s  fo r  the  second as some o f tb s 's a l iv a  samples ware..small . 
making r e - te s t in g  im possible*;
D iscission
The Orkney and -Shetland frequencies o f th e  S©.gene: appear to  ■ -
f i t  w ell i n t o 'Europeen d a ta , with -the Shetland r e s u l t  o f Sh% coming • 
c lo se s t to  th ese  in Sweden (N ere ll, 1963) and Norway (B jarnsonet ©1, 
'1973)*. varying from %3%- to- 59:*, -and reaching 61$ in  Copenhagen 
(H ere ll, ;1963),’:;--:
Over, most o f Europe frequencies are .above -li5f (see Table 7*25)* ' . 
Ice land , howeverk shews an - Extremely low Se-gene frequency .(36$) w ith  
a c lo se r  resemblance to  Ire lan d .an d  the  C e ltic  p a r ts .o f  B r ita in  .than.. ', 
to ' th e  Scandinavian frequencies*
k The problem o f Scandinavian se ttlem en t p a tte rn s  and Ice lan d ic  
ancestry  i s  not c le a r .  Genetic d is tan ce  c a lc u la tio n s  shewed two 
...clusters -  ■ th e  Scandinavian co u n trie s , England and the N etherlands, 
and the  G e ltic  areas o f E ire , Wales and S.W, Scotland ( T i l l s ,  1975)- 
T i l l s ,  w ith re fe ren ce  to  Pgarnson-et s i  (1973) suggests g en e tic  
d r i f t  o r s e le c tio n ' ac tin g  npm  -th© email.- immigrant popula tions of 
.; Iceland  end th e  • no rthern  '• i s la n d s .may have -strongly  in fluenced  gene
frequencies .' -However, Nurse ;(13?6 ) - i n ’a recent paper, suggests  frorak' 
evidence' -of th e  sagas that there was a; greater influx of Celts into 
Iceland than first assumed -as'shewn .by; the  routes of settlement.in ' 
F ir .  7 .3 -which--would have made a larger contribution .tc gene f r e -  
.quencies.
The overall''.Ireaneney of' the Se gene'.fo r  'Scotland• u s in g . th e  
...Orkney and Shetluru data is h7'^  which, is close-to.; the''other'British 
-.samples. This appears to b e . a . markedly - d if f e re n t  trend from the . 
.-Scandinavian areas and- perhaps can be explained by Scottish Intru­
sion i n to .'th e• Is la n d s  which were originally populated by:waves of . 
'-'Scandinavian settlers (Wainwriobt, 19® ).
' tftth in  th e  Orkney staple results differ somewhat and p o ss ib ly  
have a decided effect upon the overall Scottish frequency of .the."..
, Se gene. The very lew Kirkwall result may be.explained-by  th e  f a c t  
th a t  i t  was. a sample which included m ostly u n re la ted  c h ild re n  from . 
all over Orkney, w hile - the  other r e s u l ts  were localised-samples from 
. smaller.areas.
Possibly the frequency of tbs Be gene f o r ' the  • Kirkwall sample 
• o f -51’$' i s  a truer, representation of s e c re tc r  s ta te s  In Orkney which 
-■-comes much-.closer :-to .the'-Scandinavian' and Shetland:-figures. -.The'', 
Shetland sample was a lso  a mor e rm d m  group as ch ild ren  from all .: 
areas attending the c e n tra l school'-'were tested in the survey. Using 
the Kirkwall and Shetland samples the frequency of the Se gene-was 
%% which agrees more closely with the  proposed settlement, ro u te s
(see Fig. 7*3) suggested byBjarasbn: (1 '?73).
Until re c e n tly , th e  f ig u res  ::on -sec re tc r groups u su a lly  taken
- -, as 'rep resen ta tive-.o f th e  British .Isles'ware those reported-by:- 
'HcConnoll in • Bsce m d Sanger: (1965) drawn from Liverpool* with " a
.sien-secrete-r froqooncy c f  2 2 .7 ’h ■;Ha:?rvcr». -.Glynn- a t  n l ; . ( 1 9 .
Kocafee (1Q6!i), TWfpo (196?) end' © specially. Tillerin' and Dcdtl (1^72.
1 "*') brvc shrvTi r !th  do ts f y r  r»}p lo c a tio n s  tra ln d * ^"  Abcrdaen, 
^B elfast. S>'bl1n and London, it si A i r*» is oensidorrble variation 
:in scerctor d*nlr.lt"-ttor** Its* I^t h  vsrt ability* ?n non-socreier ■ • 
vfrsqrency In. th e  B r i t is h  1 st os ra n r1??* 2 t*3r  *’r. London to  35*61 
'in Belfast*,
' K Itch e ll ,(19?6): in  p recen t pnp©r has discr;r?s«d th e  tilde..'vpria- •
:'tiers 'found .th re rf* sv t the B r itish  I s l e s  iriib  frrfctm jle* re fe ren ce  ■- 
f tp  n si'udy in  "th© J s lo  ** in  mr! G tnbrla . The *Y*rmencie$ qf, non- '■
• secre tr-rs  i r  both 2 ^  in  .the >hmsr and ,30'^ ■'i n ' < tabr i f ,.'11.o :
in  the  %*rr>er r e r r c  of. trs r i a b i l i ty  observed so fo r  *n !VT t i  nh ro p n la - . 
tidns* As the- Onnibrimi sample . r e l a t iv e ly  I r r r s  i t  itsb 8pbdtvtd.ed ■ 
on' © :fecrrnnblcsl- b e s ts  to  nrsmins ir t r e rc F ie o a l  .v a ria b ility *  ' Hctrcver, 
s tb t i  cfctcnl a n a ly s is .rev e s te d  # m t 'th e  Cumbrian n ^ r^ lR tien ' e sh tM ted  •' 
o v e ra ll honoyereilT* .Llnecln end Bold (1 ;73) r i s e  rep o rted :a  high 
■deprea •W /hbaopeneity ■ in  th e ir /> * f1 'n u t samples r i t b  '"the exception 
.of t h e 'B elfast...so ries -t*hieh''rasped frost,Sh# h i t • n o n iso c ro tc rs •
. Mitchell (1976) cfilonlnted the. frocfnsnclss of secreter. trees -.; 
end the ;so gene for the fourteen BrHishsoopl.es. TiMch dlridnd ;into 
•:two major rc^c^ s ■o^Mbitinfn tride difference In'the proportion of, .;
. eeereter--types (x?-s 51*1,':1 .B*B*, '£<0*001 )* -Northern■ B r i ta in - in c lu d e  
th e  Ksm, Oratories* ''S co ttish  md  I r i s h  ssm plss, ..t?ifh;Benthere-; B r ita in  
■"represented-by th e 'H v o rp o o l.an d  London s e r ie s .  The Orkney frequencies  
of n^n -eccre to rs  f i t  v e i l  in to  th is  d iv is io n  but the fh e fle rd  fro -  
onor.vV rT 2 0 .1-f f  1 s n ea re r ’th e  frao P ere ies  fo r ■ B r ita in ,
Vhrt ar« the p o ssib le  e jrp lsn rtH n s fo r  th is  ropier.?*!. v e r i a b i l i ty  
i r  secret'?* i-!yo d is tr ib u tio n s ?  HHoHs (1§73) bps.' ccr.ncnted on - t-bo'
• considerable' influence that the pecpraphy of the country hm  upon ' -, :■■ 
tb© .peopling ,of.- Britain end toe retention of* pcTmXation/difforeBcos* 
Southern, or ;Lcvl£shd Britain, eg oefinod br Tbr (1 ?*32), tended tr* be 
the area vhore cultures succeeded each other ouitsvfre’qiien.tly':snd V,. 
there for o -vv.a o sons of cultural replacement' endfprobebiy moob igene;Vy-- 
pool fluidity* In contrast, the Highland sonef> Including .the.-'Scottish'-, 
lelcnds, received fm?or. -iwcontents, It tms \e ..region :.of' con.timi.ty: •
■ -end .©!«? Inf lit ration of -gene pools. Heberts otreaoed the occurrence 
of;this.' duality botveon Richland Lovtsnd Br.itsin'.tbrorfiKpi't pre~ : ;
' historic and . histcrioel' times." lie. concluded that■ ',!perhnps , those - partsy 
of.";.the country'relatively. little affected by 'the' ■sitecossl v©.. invasions*
-. such '-8S rnrtc cf fectlnnrl and Valeo n»y differ epprecl ably.,'fro-n. the' - . 
..others*- At 'all events-the-' distribution ■ of.the irvdfrsnt vnresysup** • 
i;:ests that seme .contrasts nay. veil' emcrfs between' north-vest and ;
. c to-'east/'.Brit airun
hatcheX!-. (1176) ccmmcmts -that the distrtbuticn of' senretor grcivps 
: in Britain can.be seen'as. a reflection of: the differences' in ,popifts~y 
tion settlement patiaras.,ever:' the prGce&in'r."centuries.; Further.to-■ this 
he. siyorests :that a Ir’fb froqnereyoof :ncn-'secretcrs' in a render, toolny,--- 
. denotes Celtic influence, uhilo a-lowar. c* ** indicates that they 
.Coltic element Is.less predominant*..The relativelyMfv> frequency .: .
.- fit rsan-secreto'rs :in -tbs '-Orkney md Shetland -sample do ^>*! f* i veil 
'into this asscssrant-ss there is little histoid col <r linguistic, 
■■evidence; t f Celtic influence* ;Honever, the inlnnds^ together irltb '
. tho; tianv-Cnmbrian %rm9 and in fact ..-a; great deal of northern BrHsiru 
. vere .strongly: influenced by CcnrHrr" ’ “r  irsfii e r a  tier and p o s s i b l y ; : '.
- tbs distribution-. of secretcr types cculd- then ...bo -■ interpreted' as ; 
reflecting the inter-miyture and movement y.-f • the invading roprlati.cn*'. ’
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.BLOOD*>OROU?iro (k 3 0 Ik Rheaus)
Introduction
.-.In 1075 Xar-de's nctieod that i f  rad bleed colls c-f n^iPiel' ■
,-ef one spec ice were rdredlmth' serm? ■ frost .an 'an tinsV ef: n + *©r? 
clumping' ci* esglvt? n a ti on' cf- the  cells'ycyftHy-b.ccprred*'''-The., f i r s t \ ;,. 0 
observation  o f . the anclxrtinatien' of human red-cells by serum'belong-, 
in f  .to  .Idie' some species-was raade. by Lersdeieirter i n  '1900;-.-The rceog- ' 
n i t io n  o f  the pert ployed bp the'.ABO groups ir •'blncd.--traps fusion  
scon f©Ilrwed. Lrndstyrer m a  Levine dissevered  -the IB? m d '  the B - 
sy s te m  in. 192?, end Levine end Stetson In 1 ? * L andstc iner end 
*1 oner in -'19li0 ..Isid the  -. foundations of - the v e s t -i-ncwledpe c f  the 
Hh t v  mips* ‘A.-lor re. number' of o th er blood group an tigenr 0 been, 
discovered end since cone of then■ include many -varian t forms.'depend-.-, 
itic on a l l e l i c o r  c lo se ly  linked-genes 'the range o f p o te n tia l-v a r ia t io n  
'is 'v e ry  wide. T n c y  are -useclip  in h e r ite d  a s "simple --Kcrdeltan .".characters 
and are  u se fu l in  population s tu d ie s  and /work uori g en e tic s!  linkage* - ' 
Bloed-gm-p differences ere doe to s l ig h t  v a r ia tio n s  in  the . 
chemical structure o f  the.imjeepolyseccharld© materials' at the red*' "' 
.c e ll -surface* Many- o f t-hd'blood-gr'onp - v a rian ts ' arc  c end -samples ' 
of a fovr hundred in d iv id u a ls  token Iron  various reg ions m ay 'su ffice  :/ 
to. outline th e i r  distribution and geographical - p a t te rn s . ' Ip-' comparing 
the bleed groups .cf populations -it is enstceaary to  ■ estim ate  'the gene ' - 
freq u en cy  e i th e r  by d ire c tly -c o rn  tin g  the genes in  the case of'.those 
systems in  which all- genotypes ore d is i in p j  iebab lc  o r, as In  th e  ABO 
system' by mathem atical reasoning from, th e  HardrM-feiflherg tm i .(Herrant 
a t  al, 1976).
..World distribution of the ABO. groups Is known in m c h  greater 
detail' than that of m y' ether, system. In countries with well-developed
m edical serv ices, the grouping-of* trensfusi.cn. den era. provides' very  
la rg e  a p p le s  which 'can. be used fo r  d e ta ile d  -regional eor.:pnrlsofm... 
However, th e re  issy .be s e lf - s e le c t io n  w ith in  "the donor eyetm )  pro­
ducing a sample which no t being r a n t e r  t s  u n rep resen ta tiv e  o f the 
area*
Geographical v a r ia tio n s  Ir  £reqiieney,cen-he .d isp laced  by. 
drawing contour l i n e s • {ibogahe - lin e s ) on maps'-'through p a in ts  of- 
equal - frequency* However* th ese  swps pay he m lalead inr vhor th e  . 
gene frequency .'Values fo r  - seise areas pay be' based ehyc • few' samples * • 
l McArthur end Penrose' (1?*?0/t).- estim ated ' th e  IB! frequencies o n e -  • 
•wrldwide. sc a le  in  order to -prov ide a s tandard  spa In s t VM.ch •par--..-. 
- i i c r l a r  populations may be • c m p a red ' (A-21 . $$, ..B.-16*2|#. 0-.6?. 3f )•
R esu lts '
Toe ABO and Rhesus frequencies fo r  Orkney ch ild ren  an d ■ad u lts  
a re  suiansarised in  Tables 7 * 2 7 ;end 7*28, As th e re  ires 11 t t l e  d i f -  
ference between, the  two groups they  were period fo r  ABO and Rhesus' 
i f  fe rn  a la rg e r  ’Orkney sample* Both a d u lt and -child - r e s u l t s  f a l l - 
r e H  w ith in  th e  frequencies fo r  n o r th e rn • Scotland w ith r e la t iv e ly  
:. M p s  percen tag es .o f ' A. and B and low  0 * ' However . the  B free fo n e ie s  
’a re  no t m  high m  those  •■reported'-from Ceithneso- (Kopec*-' The
■..frequencies o f Rhesus negative  f a l l '  w ith in  ''.the .range fo r  Europe 
. though are  lower -than some S co ttish  data, (see Tabic i t .31 ) . Duo to  
-.lack o f .'anti-sera, only Lewis b was te s te d  fo r i»eVr the  K irkw all.
;,. children* s . .sample' and. gave a Lewis h negative  frequency o f
.F ip.w 7»3 Settlem ent rou tes o f  Scandinavian c o lo n isa t io n
Discsssien
The ABO phenotype frequencies o f the British I s le s  a r e 's im ila r  > 
to isueh of western Europe ranging around ii7* for 0,' lt2i for  ;A* 6f 
for B snd for AB (Hsee.end-'Sander, 1970). However, tbroiifthcvt 
the ores there exists reg io n a l variation (Kcmrart, 1976). In Worth' 
Wales, Scotland and: the -border reg ion  of Engl and, the r a t io ' o f  .0/A 
i s  d i s t i n c t ly  h igher than  in th e  south end. east* R e la tiv e ly  high '
0 frequencies are  ©Iso found in  I re lan d , -p a r t ic u la r ly  ..in. th e  w est.
T i l l s  (Frt.B. th e s i s , 1975) t r m  is n lt tv a r ie te  'sn a ly s ls  of 
ltarepeen frequencies fo r  various blood' group systems found "two isaln 
c lu s te r s  in  Worth Europe, The Scandinavian c o u n tr ie s» ..England, 
northern  Bcctlgnd end the  'Netherlands formed one b lo c k ,’w ith the  • 
•C e lt ic ” ©rens of Ire la n d , Wales and S.i f .-  Scotland fo rs iin p' the  o th e r .
Oaoey e t  e l  (1966) -found a high frequency c f  0 in  w0!d Worse” 
groups in Southern Norway end suggested .that the 60i  o f 0 and- r e l a ­
t iv e ly  low A was evidence o f  t h e . s im ila r i ty  e.f th e  ancien t d ik ing  
stock in  Wmmy w ith  th e  peoples o f th e  B r it is h  I s le s  who a lso  have 
a high group 0 frequency. This &.ay exp lain  the  high group 0 in  - 
Iceland  and the supposed c o lc n ise tic n  frets '.Bosndlrevla as the "Old 
Worse” r e s u l t  c f  high 0 suggests th a t  the .o rig in a l Worse and -Ir ish  
were much the some. However, ffcurimt {1963)?::B lam sonot e l  (1973) 
end T i l l s  (1175) hove suggested th a t  the  F tlln p  ra id e rs  nay have 
d if fe re d  in  tb e l r  blood group frequencies frcrr. modern Bcandinsvlans.
Orkney blood g ro u p -resu lts  ©re re lev an t to the supposed settle­
ment routes ( b o o  F ig . 7-3) of Scandinavian colonisation. Both Orkney 
surveys shew a fairly high A frequency and © corresponding lew fre­
quency-of 0,- with however s very high B frequency 'reach ing  25$-in  
.-the n o r th e rn : is lan d  'of, Sandasr. The high B in  the' adult- sample from
Sanday may well be influenced bv t h e ■in c lu sio n  of relatives. However, 
there appears l i t t l e  'difference■ between the observed and expected 
/numbers on Table 7* 28; and it corresponds .-with' the equally high 'B ; 
.frequencies found in northern Scotland, particularly areas of Caithness 
and Sutherland. :
The'ncrth of Scotland i s  remarkable in having, some 'districts ; 
with the lowest frequency of the 'B-gene in  the British;Isles and 
others which have the highest (Brown, 1965)*.Allan and Lewes (1969) 
also remarked upon the .frequency- of B >  AB (18.U1QVin the .'ABO d ie -  . ... 
tribution of a series of .555’ women for antenatal testing. Phenotype 
frequencies for these areas'are summarised. in  Table .7.32 -..©nd .the 
high B (13.637) and AB; .(7*8035) of Orkney fit well in to  the range*
Brown (1965) suggested a link between the B rene and megalithic 
tomb builders as both have a high concentration in the north-east 
of Caithness, parts cf Sutherland and Orkney* It is thought that this 
stone-building culture reached Scotland from Iberia via the west 
coast of. Britain (Piggott» 1 9 m ,  This includes Wales where , again 
pockets cf high group B and areas of megalithic monuments coincide.
These areas, particularly in the north - of. Scotland, -were then . 
colonised by'the Scandinavians (Fairrwright, 1 963} and. t h i s . may 'account - 
fo r  the high A frequency. Brown (1965) suggests that the regions 
of highest A frequency correspond to some extent with the localities 
where there is evidence cf Norse settlement. Perhaps a geographical 
breakdown into areas of Norse names and Pictish o r .S c o ttish  names 
superimposed on an ABO frequency map might give clearer indications. 
Watkins (1956) in -stud ies of rural Wales has mentioned a similar cor­
relation between high A . frequencies - in-'so u th -e ss t Pembrokeland s ig n s  
of Viking settlement in the same area, as did Isatt and Swan (197?) 
in the Isle of Bute*
Both. the  Orkney 'survey - end; fbrarn* s assessm ent o f ABO in  tforih 
Scotland,-' to g e th e r with blood,donor ©videne©,(Kopec# 1976)- .re flec t-  
th e  high B and f a i r l y  high.A frequencies  in' th e  region* • Taking..ini© 
co n sid e ra tio n  th e  r e la t iv e ly  sm all numbers and -obvious' inb red  e le - .
. ment as they were-mostly family samples it ■ seenur that the Orkney'
results em ' b e . taken: as a reasonable assessment' • of the' dieiributie-n
* ' ■- ' '
of ABO frequencies’ in the archipelago, .as Chi squared;analysis of : 
observed and expected are' notr slgnifleant.in-, any 'sample but the ■ 
'Total Adultd!,, which is significant at . the -level bat not a t A%. From 
droheolcgic&T end -linguistic, evidence it' appears that the high -B • 
.gen© frequency -- could be linked with the Ficiish element, while the 
high A err,Id be Norse influence, since Wrim-frlght (196^ . maintains.: 
that there was admixture rather than a- complete Worse'takeover, (see ’ 
Chapter 3 , page for further evidence),\Bven though the Allen.-and ; 
Lewes (1969, unpublished) sample was from .an- antenatal -.survey 'and 
-necessarily, biased for sex and possible clinical and social factors, 
these results point to slight differences between Worse and non-Norse 
Bases with.a n ;A. frequency:of: 35*967 end a :B frequency of 12.3-67 
..-/in the Horse and A, 3t*83f and B'lit*32.1--'in the non-flores* ’ Perhaps a..- ..
' division into Norse and non-Norse anises' o f the Orkney' r m tilts would 
reflect the same differences*.-Howler, distinctions-between names ' ' 
m y  be different in both • surveys and would be 0 necessary factor, 
of influence.
Tne high 0 frequency .-found in Iceland (Bjarnson e t nl, 1973) may. • 
be evidence ..that Scandlnavisn colonisation was -a fragmented process 
with slightly different otocke taklr^ c\ qt different areas of-' Britain, 
Iceland _ Ireland*
Kopec (1 .9 7 6 ) produces' .figu res up to ' 20% fo r  Rhesus negative; . •' 
frequencies in -h e r  surveys o f blood donors from  various'. reg ions - 
i n  -.the - B r it ish  . I s le s  ;(see f a b le  7* 31)* However, i t  I s  '.suggested
■ t h a t  th e  h ig h e r  f ig u re s  may 'be ■•'•© '. r e s u l t  o f se lee tS .cn  fa c to rs  .both- 
' a t  - blood' tra n sfu s io n  cen tre s  and by, donors th em se lv es  d m  -to th e  \ ,
;'importance- c f ' the-Rhesus negative -factor'.being w idely terimm*"'-
,Fr®lim.iBary observations' t r m  '&pm b lo o d  transfusion c e n t r e s ,  
s h e w .c o n s is te n t ly  h ig h e r  frequencies'c f  • Rhesus. n e g a t iv e  among women, 
-.Cardiff' produced  .15*977- m lm .  end .18 .11$  fe m a le s ' f o r  Rhesus n e g a t iv e  
f r o m • 6 I1.8 9 'dmors 1 -. and Bren tt?ocd pr odu e*d .17*1 * a le s  end 19 * 57
females. from- 737& -donors. However, th e s e  m igh t-be .explained a g a in  
by donor self-selection as das to'' antenatal-.'care women may-realise-. 
mere fully tbs' importance cf the Rhesus' factor.-
I t  i s  d i f f i c u l t  to  compare donor results.with -a em ail popula-..- 
-'tlon s'sapie.'such as Orkney as in  th e  'is la n d s 'am ple  in d iv id u a ls  -were 
'selected for three or four -. g randparen ts ' hero  ' in  the area, and- of '.;
■ m e  esc* ty In c lu d e d  " 're la tiv es . H oover, . th e re  appears to  be a general 
•trerc  in Scotland for .a.higher frequency o f Rhesus n egative  but-is 
.somewhat- lower- .in' Orkney w ith  • a . 're su lt -of: 167* Rroim (1/65) quotas • 
a very  lm :J) g e n e ' frequency in the west: and north correspondinf: to a 
'.-Missus negative frequency of 18.157* -Allen and Xewes (1969, unmibl^ 
produced a Rhesus negative  frequency -cf 20,907 In  Orkney, b u t -as - 
th is-w as a •female sample - it-m ay be slightly h igher than-the norm for 
the population (see. Table 7*33’)* I t  I s  certainly d i f f e r e n t 'from the 
:0rkB@yresult 'of ;167 .-obtained by the-author* Possibly. 167 is s - t ru e r ,  
reflection of the Rhesus negative. frequency m  both -Kopec- (1976)’end - 
Allan,and Lewes -(1969., *«r~*,bllshed) are biased samples..-Hotmver, all 
results secs to f I f m t e  - the^general tren d  described hr Ncurani.
2 3 2
(1976) of a decreasing the J) gene end a corresponding;
r i s e  .InB hosrs  ^o{ ri *v* frequencies as one goes .westward.;across
Errors*. ■’ . •. ;■'.. ■ '
A O i )
Fig* 7»U Percentages of A blood group
in  Great B rita in
(Kopec, 1976)
\
/ • v i
'30-86
35-56
7—v
35-56
39-65
42-52'
41-09
45-31
42-57
46-62
37-60
44-81
43-94
F ir . 7»£ Percentages of 0 blood group
in  Great B rita in
(Kopec, 1976)
50-74
50-74
43-23
49-32
46-01
:48-30
47-49'
46-21
48-30
44-64
43-84
F ie . '7 .6 Percentages of B & AB blood groups 
in  Great B rita in
(Kopec, 1976)
13*73
13*73
10*53
10*60
13*16
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TABLE 7*27.:- :: ORKBEY ’ A B 0 FH3QUBNCIES (CHILBBEE)
’ T07ftL KIBKFML ■ S?RO:!TTSSS
. Exp Obs. ■; Exp. Ob s . * . . Exp. Obs. %
: ~ 38.13 U1 21. 6<> ~ .. -
k2 -  ' • -  " - -  ■' 23.66 23 12.17 . ■ ~ : ; -  /  -  .
A 91.17 92 3 3 M  ... -  66 '3ii.?5 27.00 ' 26 30.9?
B U2.12 14 3 15.6U 30.?0 33 17.28 11.06 ; 10 11.90
;A |B. 7 : -  ■ = ■■.'-■5.03 ■" 2 "1 .0 ?  ' v‘ ~ : 1 -
A2B -  -  -  3.60 U 2.10 -  -
AB 11.;'9ii .11;, ii.o. - 7 3.66 2 .87 h h .7 6
,0 -129.77^ 1 2 9  7. 1*6,90 67.02 8? U u 50 1*3.06 hh -52.38.
: T ctel ; 275-' 191/ 8l» .
Chi Sq 1 D.F* O.IOtfB ,7 : 3 D.Fr «* 2.392/. . ' . 1 B.F. * 0.600h,
Phenotype Frequencies Gene Frequencies
7 ’ A B O' ' AB , . p q ' V  ■
33.1*? 1?.6I> [>6.90 hO.OQ 0.209)i 0.1037 0.6869
Orkney Rhesus Frequencies (Klrki?all ch ild ren )
■ : ;7- ■ KO. ■ ■ ' / 7-
: Hhespe" p o sitiv e /. • ■ 129 96
- - Rhesus n e g a tiv e : 21 11*
Orkney Lewis h F requencies'■'(Kirkwall ch ild ren )
Ho. %, 
Lewis b p o s itiv e  117 62.23
Lem s b-'negative 71 37*76
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TABLE 7.31 HIIEfF?S BEG/
FORI
I TITS FREQUENCIES 
BRITISH ISLES
L ocality  1 Phosu s Fec.atiye AuthorJo 0 * Bo.
Orkney (.Children) 130 21 . 11.00 P resen t s tudy
Orkney (A dults) Loo 67 16.75 11
Orkney (T o ta l) 68 16.00 It
Orkney
Inverness- 2L11
716 20.90
19.83
Allan & Lewes
■ . (19699 
Roped (1970)
•Aberdeen 3107 - 19.31 tt
Dundee 1 323 1 M 1 I!
Glasfcw 30L2 ~ 1c.. 51 ‘ It
Edinburgh 1613 - 16. u$ tt
N. Ire lan d 36316 - 16.92 tt
Kewcastle-npon-Tyne 36621 - 18.68 . tt
L iverpool 10170 -• 18.89 . It
Leeds 15311 10.31 . tt
Brentwood ' 10933 . - 18.13 t!
.Sutton" "V ’ 20305 ’ : ~ ** O' r4 ■'-*■ i ' tt
Card ? 12026 - 15.3'- t»
ITorth ern Scotland 31 10 67 9, 19.18 Brown (1966)
TABLB 7.32 SCOTTISH A B 0 FRBQTJBNCXES
1963)
L o c a lity  ■'
Forth C oast,/S u therland  .
I&st-Coast, Boss and Cromarty ; 
West Coast, Invernesssh ire  
West;.'Coast, Sutherland;
Bast Coast. Sutherland •
Outer Hebrides 
Outer Hebrides 
Inner Hebrides
. B. Glen, : West-side and I.ochacer 
Inverness Town
■ Strathglsss-B eaulv-A briach an 
Inland' Caithness 
- Inland Ross ,-and Cromarty 
North Coast, Caithness 
B# Glen and Bast to R. Spsy 9 /  
R aster Ross 
Inland, Sutherland 
Bast Coast, F ish ing:
Moray-Coast
.Bast Coast, C aith n ess•
Black-. I s le  
Shetland Islands 9 
Orkney Islands' ;
0
Percentages
A’ 5" B : ■ AB •
62.30 26.79 10.72
62.77 : -30, 19; ' , 6 . 7 3 / ' y.9: . - ;
63.78 23,19 10,15 5 2.90
61.22 18.37 11.29: ; 6.12
50.22 : 27,85 10.76 3.16
;57.36:, 33.15 : 6.81 ; 2.71
33.00 
33.30 -
- 35 .00-..
(Metirant, 
' 31.23
11.00
1972)
8.72
1.50
3.19
09.12 : 31.09 ;; ' 10.81 9 2.70
59.25 : 30 .l0 11.09 9 ;3 .2 9
52.71 ■'■.- 27.90 -17.82.' 1.52
,51188 . 30,02. IO.52 3.76
5h.oh 31.25 11.03 . 3 .6B
53.91 28.13 11.06 3.91
51.10 29.61; ;V 16.76 2.21
56 .75 9: 28.36-5- ; 11.91 5.97
17.09 '■ V  3 0 .23 13.23 1.17
15.00 r ■29.32 ' 23.33 3.33
16.73 35.51 12.11 5.61
11.63 36.02 13.98 ' ■■ 5.38
12,36 33. 1 3.-98 1.66
51.37 .32,1 11.38 - 2,05
15.15 33.12 13.63 7.80
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3) L o te rn lity  ■
STATISTICS
1. FIELD SURVEY
The Orkneys are  id e a l fo r  a population  genetics  s tudy  as 
they are  r e la t iv e ly  iso la te d  and the  movement of people from th e  
area  f a r  outweighs th e  in tru s io n  of Southerners in to  th e  com­
munity. Various s tu d ie s  o f genetic  v a r ia tio n  have used s u ita b le  
’ c a p tiv e1 samples, such as h o sp ita l communities and members of 
th e  armed se rv ic e s . Undertaking surveys of th e  general population  
i s  d i f f i c u l t  and time-consuming. However, ch ild ren  w ere'used as 
su b jec ts  fo r  in v e s tig a tio n  due to  th e  r e la t iv e  ease o f co n tac t­
ing  and working with them in  th e  schools. C e n tra lisa tio n  of 
schooling has caused dwindling numbers in  the is la n d s  w ith a l l  
ch ild ren  o f secondary age tra v e l lin g  to  the  main school in  
E irk w a ll.f lan y , in  f a c t ,  lodge in  the  school h o s te ls  during term 
tim e, tra v e l l in g  home fo r  occasional long weekends and main vaca­
t io n s .  Consequently, many ch ild ren  were av a ila b le  a f te r  school 
hours and proved w illin g  su b jec ts .
The Education Committee and school a u th o r it ie s  were 
In te re s te d  and co -o p era tiv e , p a r t ic u la r ly  head teach ers  and 
b io logy te ac h e rs . Medical and church a u th o r it ie s  were a lso  very  
h e lp fu l. Various l e t t e r s  o f in tro d u c tio n  were sen t to  th e  people 
concerned (see P ro toco ls 1-3) and a l l  paren ts  were n o t i f ie d ,  
b i t t e n  perm ission was gained before blood samples were taken 
from th e  o ld er age group.
I n i t i a l l y ,  fam ily h is to ry  questio n n a ires  were d is tr ib u te d  to  
each c h ild . Success in  gaining inform ation in  th is  way v a rie d , 
b u t o v e ra ll about 80$ of forms were recovered. Only ch ild ren  w ith 
th re e  or fo u r grandparents bom  in  Orkney were included in  th e  
sample. No attem pt was made to  exclude c lose  r e la t iv e s ,  in s te a d  
genealog ical inform ation co llec ted  from the q u estio n n a ires  and 
c iv i l  r e g is te r s  was used to  e s ta b lis h  r e la t io n s h ip s .
110 CJ
o 83
°19
• 655,
676
241
321
43
* Primary s c h o o l  v is i te d .
o : Secondary sch oo l  v i s i t e d .  
100 .-Number in schoo l.
Caithness
Totals • : P r i m a r y  2022
Secondary 976
2998
Fig. 8.-1 Schools v is i te d  in  Orkney (1970-73)
Twenty-four out of a p o ssib le  26 schools were v is i te d  and 
over 2,000 ch ild ren  were seen (see Fig 8.1). Over $00 ch ild ren  in  
Shetland were examined fo r  c o lle c tio n  o f da ta  fo r  a comparative 
sample. Equipment was tran sp o rted  by c a r ,  bus and boat where 
a v a ila b le .
As th e  main purpose of th e  snrvey was to  make g enetic  compari­
sons w ith o th e r communities and to  study  evo lu tionary  fa c to rs ,  
a t te n tio n  was given to  ch a rac te r  t r a i t s  Tilth a sim ple g enetic  
b a s is  to  th e  v a r ia t io n . Blood samples taken by e s r-p rick  were 
s to red  in  l iq u id  n itro g en , using  th e  f a c i l i t i e s  o f the Kirkwall 
H ospita l Laboratory, end then flown to  the U n iv ersity  L aboratory , 
ih i s  was the f i r s t  attem pt to  tra n sp o r t ea r-p rick  samples by th is  
method, and c e l l  recovery r a te s  were in  the region of 75-85^.
Saliva was c o lle c te d  in to  tubes, b o iled  and frozen , and s to red  in  
the  h o sp ita l f re e z e r  u n t i l  a i r  tra n sp o rta tio n  in  vacuum co n ta in ers  
packed with dry  ic e ,  obtained from the  lo c a l  egg-packing s ta t io n .
the  secondary schoolch ild ren  were fa m ilia r  w ith P.T.C. t a s t e  
te s t in g  and i t s  mode of in h e ritan ce  from use in  b iology teach ing  
and p r a c i ic s ls .  U nfortunately , i t  has been removed from the  
curriculum  in  S co ttish  schools as in c id en ts  have a r ise n  from d i s ­
coveries o f doubtfu l parentage.
N evertheless, P.T.C. ta s te - te s t in g  was c a rr ie d  out in  most 
schools w ith a lim ite d  number of d ilu tio n s  as tra n sp o rta tio n  of 
the  so lu tio n s  was o ften  d i f f i c u l t .  Also, owing to  recen t comments 
on i t s  to x ic i ty  (N ature, 235, 93-9h, 1972), r e s t r ic te d  use was 
u n fo rtu n a te ly  necessary .
In  ad d itio n , po ly g en ica lly  determined, v a r ia n ts ,  such as f in g e r  
and palm p r in ts ,  were taken , and various anthropom etric measure­
ments. However, a f u l l  panel o f  measurements was completed in  only
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the  la rg e r  schools as bulky equipment, such as a stad iom eter, was 
d i f f i c u l t  to  tra n sp o rt around the is la n d s . Pigmentary* v a r ia tio n  
in  h a ir  and eyes was recorded , to g e th e r Tilth n asa l b ridge and 
midphalangeal h a ir .  These 1non-m etrical* polygenic v a ria b le s  a re  
u se fu l fo r  comparative study and are of value in  the  study of 
acquired and in h e r ite d  c h a ra c te rs . Colour v is io n  was te s te d  using  
Ish ih a rs  c h a r ts ,  as use o f th e  anomaloscope was im possible due to  
tra n sp o r ta tio n  d i f f i c u l t i e s .  L e ft and r ig h t  dominance was examined 
using  such te s t s  as w ritin g , hand-clapping and c lasp in g , arm- 
fo ld in g , s h o u ld e r - l if t in g , knee-crossing  and k ick ing .
The tim e taken fo r  each f ie ld  t r i p  v a ried , as most were - 
accomplished alone, and in  the la rg e r  schools Tilth one or two 
a s s is ta n ts .  Time spen t w ith each c h ild  v a ried  w ith th e  number and 
kind of v a riab les  te s te d .
The field-w ork was completed in  e ig h t t r i p s  ranging from two 
to  e ig h t weeks in  leng th  o f time and extended from 1970 to  197k. 
Only two is la n d s  from th e  Orkney group xiere no t v is i te d  due to  
in freq u en t boats* However, as these were sm all ou tly ing  communities, 
most of th e  ch ild ren  attended school in  Kirkwall and thus were 
included in  the survey. A fu r th e r  t r i p  o f e ig h t weeks* du ra tio n  
was .spent in  Shetland, v i s i t in g  a l l  schools b u t one in  the south 
mainland a rea , fo r  the  purpose o f e x tra c tin g  comparative d a ta .
. The teachers  involved were extrem ely h e lp fu l, from ushering  
ch ild ren  to  provid ing  food and beds, and o ften  arranging t r i p s  to  
various p a r ts  of th e i r  is la n d s  a f te r  school hours. The Orcadian 
ch ild ren  were q u ie t ,  p lea san t and a s s is te d  very .much in  a l l  th a t  
was a s k e d o f  them. ' ;
PROTOCOL 1
17th May, 1972.
Hr*.A* Bain,
D irec to r o f Education,
Education O ffices ,
KIHMlIiL,
Orkney.
Dear Mr*. Bain,
Orkney Population Survey
Hay X keep you up to  date  Tilth our p lans fo r  fu tu re  work.
X hope to  be in  Orkney about June 1ljth u n t i l  about Ju ly  5 th . 
During th is  p eriod , X would l ik e  to  c o l le c t  fu r th e r  d a ta  from 
schools in  Shapinsay, Rousav, W?re, B gilsay, Graemsay, IT. Walls 
and F lo t ta .  I f  tim e perm its, th i s  l i s t  might bo extended. One 
immediate question  i s  when the  summer ho lidays begin , as 
obviously I  world l ik e  to  see the  ch ild ren  w hile a t  school.
But in  any case, X am w ritin g  to  th e  heads of each school and 
can s o r t  out the  id e a l v is i t in g  tim es w ith them in d iv id u a lly .
In  view o f th e  f a c t  th a t  th e  ch ild re n  w il l  be In  the younger age 
range, I  wish to  keep the  record ings down to  a minimum (about 
seven v a r ia b le s  -  no t includ ing  sp o ts  o f blood, o f  co u rse).
I f  you suspect th a t  th e  period X have suggested c o n f l ic ts  
w ith exams.or o th er end-of-term  a c t iv i t i e s ,  I  should be g ra te fu l  
fo r  your advice.
Daring A ugust/early  September, a la rg e r  group o f us w il l  be 
back to  work, g en era lly  in  th e  South Ronaldsay a re a , inc lud ing  
on th e  ch ild re n  when they  re tu rn  to  school*
With b e s t  w ishes.
Tours s in c e re ly ,
PROTOCOL 2 2 5' O
17tb May, 1972*
Miss Warwick, ■
Headm istress,
Rousay School,
ROUSAY,
'Orkney*
Dear Miss Warwick, ‘
Ton w il l  probably a lready  know th a t  a group o f us are 
studying b io lo g ic a l v a r ia tio n  in  the Orkney is la n d e r s , and 
th is  includes some d a ta  c o lle c tio n  on school c h ild re n . This 
work has the f u l l  support o f  the  Education Committee, and we 
keep th e  D irec to r o f Education informed o f our p lans and 
v i s i t s .  Some time between about June 1kth and Ju ly  5 th , two 
o f our group would l ik e  to  v i s i t  your school and see th e  
ch ild re n . The d a ta  we would l ik e  to  c o l le c t  on th e  Ju n io r 
ch ild ren  c o n s is ts  of one or two measurements (no c lo th in g  
removed), t h e i r  f in g e r  p r in t s ,  a co lou r-b lindness check, eye- 
co lou r, a sm all h a ir  sample, end a sm all s a liv a  sample (when 
they  are  o ld  enough to  s a liv a te  in  a tu b e ) . This does no t 
take  long fo r  each in d iv id u a l and i s  n o t unpleasant a t  a l l .
I f  th e re  appears to  be no problems from your p o in t o f  view, 
my co lleague , Miss Veronica Holdsworth, td .l l  contact, you as 
soon as she a r r iv e s  in  Orkney, w ith a view to  arrang ing  a 
v is i t in g  tim e. I f  you see any d i f f i c u l t i e s  -  fo r  in s tan ce , 
c o n f l ic t  with end-cf-term  a c t iv i t i e s  -  then I  should be most 
g ra te fu l  fo r  an e a r ly  warning.
Tours s in c e re ly ,
B.R. MOTHHSLL,
(Head of Anthropology)
PROTOCOL 3
6th March, 1973.
Dear P aren t,
A fte r th re e  y e a rs1 work in  Orkney tie are  now v i s i t in g  
Shetland and asking the  schoo lch ild ren  to  help  in  a s c ie n t i f ic  
p ro je c t .  The accompanying form i s  to  ga ther inform ation about 
th e  fam ily  names and h is to ry  o f the people o f Shetland, as l ik e  
Orcadians, th e i r  Scandinavian descent i s  of g rea t in te r e s t .
%  are  e sp e c ia lly  in te re s te d  in  such c h a ra c te r is t ic s  as 
he ig h t and w eight, h a ir  and eye co lo u r, f in g e r -p r in t  d iffe re n c e  
and colour b lin d n ess .
There t a l l  soon be an a r t ic le  in  the  * Shetland Times* 
exp la in ing  a l i t t l e  o f our work and i t  i s  hoped th a t  the c h i l ­
dren w il l  be in te re s te d  and fin d  i t  fun to  do some of th e  work 
themselves as p a r t  o f Biology and Mathematics p ro je c ts ,  as d id  
th e  Orkney ch ild ren  when we v is i te d  t h e i r  schools.
Unless you have sp e c ia l questions to  ask th e  teach er about 
th i s ,  th e re  i s  no need to  re p ly  to  th i s  l e t t e r .  We would, 
however, be very  g ra te fu l  fo r  any fam ily  Inform ation which you 
can pu t on the  enclosed form. Bon*t worry i f  you can*t provide 
many o f the  f a c ts  -  every l i t t l e  h e lp s .
Hoping th a t  your c h ild  can take p a r t  in  th is  work.
Tours . s in c e re ly , ■
VERONICA HOLDSMDRTH.
2; BLOOD
C o llec tio n , Storage and Transport
With w ritte n  consent from p a re n ts , s ta p le s  o f blood were 
taken by ear or f in g e r-p r lc k , in to  tubes con tain ing  0 .2  ml 
E.D.T.A., and s to red  immediately in  a vacuum f la sk  con tain ing  ic e .  
A fte r tra n sp o rt from the  school to  th e  lo c a l  h o sp ita l la b o ra to ry , 
they were cen trifu g ed , and the  plasma removed and s to red  a t  -20°C 
in  Kahn tubes w ith p ara film  covering. The rem aining c e l l s  were 
pu t down in to  l iq u id  n itro g en , in  which they  could e a s i ly  be 
tran sp o rted  and s to red  in d e f in i te ly .  G reat care  was taken to  
ensure th a t  a l l  samples were w e ll- la b e lle d .
-i
N itrogen Freezing Solution
G lycerol CHgOH. CHOH. CHgOH. 3.800H 350 g m sA itre
S o rb ito l CH2(0H). (CH.OH)^. CH^ OH. 0.22M hO g m s /l i tre
made up to  one l i t r e  w ith 0.9$ s a lin e .
The red  c e l l s  were washed tw ice in  0 .9^  s a lin e  and an equal 
volume o f n itro g en  freez in g  so lu tio n  was added. A fter thorough 
mixing, th e  re s u lt in g  so lu tio n  was then p ip e tte d  in to  2 .0  ml 
screw-cap n itrogen  ampoules, and la b e lle d  w ith 1Pental* pen and a 
diamond s ty lu s .  The sea led  ampoules were then frozen  down q u ick ly  
in  anodised aluminium racks in  the  co n ta in e r, w ith l iq u id  n i t r o ­
gen supplied  by th e  lo c a l d a iry .
The co n ta in er was then taken by a i r  to  the lab o ra to ry  and 
th e  samples were s to red  in  l iq u id  n itro g en  u n t i l  time o f te s t in g .
The plasma samples were tra n sp o rted  in  a vacuum fla sk  con ta in ing  
dry  ic e ,  obtained from the lo c a l  egg-packing fa c to ry , and re tu rn ed  
immediately to  -20°G on a r r iv a l  a t  th e  la b o ra to ry .
1Method m odified from: K rifnen, J .F .  de Wit, J .J .F R .M .,
Kuivhoven, A .C .J ., Loos, J .A . and P r in s , H.K.
, G ly ce ra l-trea ted  human red c e l l s  frozen  with l iq u id  n i t ro g e n .1 
Vox Sang 9, 559-572, 196lt.
, Testing .•
The samples were te s te d  fo r  ABO, HNS and Anti-D, w ith the  
ABO groups being checked by plasm a-grouping. Both the  Lewis sys­
tem and the  r e s t  of the  Rhesus system were te s te d  f o r ,  bu t r e s u l ts  
were e i th e r  n o n -ex is ten t or inconclusive . This was due to  poor 
a n t is e ra ,  in  the  case o f the  Lewis system, and weak o r too  sm all 
samples produced c o n f lic tin g  Rhesus r e s u l t s .
N itrogen Thawing Solu tion
S o rb ito l CH2(OH). (CH.OH)^. CHgOH. 0.900M 160 g m / l l t
made up to  one l i t r e  w ith 0.9$ s a lin e .
The ampoules were removed from th e  s to rage  co n ta in er and 
dropped in to  a +L5°C w ater bath fo r  two m inutes. The thawed c e l l s  
were then tra n s fe rre d  to  graduated cen trifu g e  tubes, cen trifu g ed  
and the  supernatan t removed. The c e l l  bu tton  was resuspended end 
washed once in  the  thawing so lu tio n , once in  equal volumes o f 
thawing so lu tio n  and 0,9$ s a lin e , and once in  0 .9$ s a lin e .  The 
washed c e l l s  were then  made up to  a $% suspension w ith 0 .9$  s a lin e  
and were ready fo r  te s t in g .
Once made up, the  c e l l  suspensions were kept a t  +li°0 when 
no t in  use and, i f  s to red  overn igh t, the  supernatan t s a lin e  was 
removed and the  c e l ls  washed once in  0 .9$ sa lin e  before being 
resuspended.
: - £££H £i2£
In  th e  ABO system th e re  are  two p r in c ip a l blood group sub­
s tan ces, o r agglutinogens -  A and B. E ith e r , both or n e i th e r  o f 
these may be p resen t on th e  su rface  o f human red  c e l l s ,  g iv ing  
r i s e  to  th e  blood groups A or B, AB or 0 re sp e c tiv e ly .
There are two corresponding an tib o d ies  or a g g lu tin in s ,
Anti-A and Anti-B, which may be p re se n t in  human serum. Anti-A 
causes a g g lu tin a tio n  o f red  c e l l s  ca rry in g  the  A agglutinogen, 
and Anti-B causes a g g lu tin a tio n  o f  those  carry ing  the  B a g g lu tin -  
ogen.
The determ ination  o f th e  ABO groups o f red  c e l l s  depends 
upon te s t in g  w ith known Anti-A and Anti-B se ra , th e  presence or 
absence o f  ag g lu tin a tio n  in d ic a tin g  th e  group o f each c e l l  sample. 
A ll th e  groups te s te d  work on th e  same p r in c ip le  o f an ag g lu tin a­
tio n  re a c tio n  between th e  blood group substance on the  red  c e l l  
and the  corresponding antibody contained in  th e  te s t in g  se ra  (see 
follow ing ta b le ) .
Reaction o f C ells o f D iffe re n t Groups 
w ith Several A nti-Sera
Blood Group Anti-A Anti-B
0 Rhesus + -
A Rhesus -  *. -
B Rhesus -  -  +
AB Rhesus + + •+
Plasma samples are  used as  a valuab le  double-check, p a r t ic u ­
l a r l y  in  the  ABO system. Anti-A i s  p resen t only in  the  plasma of 
blood lack ing  the A agglutinogen and Anti-B i s  p resen t only in  
the plasma o f blood lack ing  th e  B agglutinogen. Therefore, i t  i s  
im portant to  t e s t  the  plasma o f each unknown blood a g a in s t known 
c e l l s ,  in  order to  determ ine the  ag g lu tin in s  p re se n t (see follow ­
ing ta b le ) .
Anti-D
■f
Reaction of Plasma from Blood of D iffe ren t Groups 
with Standard C ells
Blood Group A gglutin ins P resen t A C ells  B C ells
in  Plasma
0 Anti-A and Anti-B + +
A Anti-B -
B Anti-A * -
AB N either ~
A gglutination  i s  the clumping o f red c e l l s  and can be seen 
m icro- and m acroscopically . M icroscopically , i t  must be d is ­
tingu ished  from rouleaux fo lia tio n *  This l a t t e r  phenomenon i s  a 
running to g e th e r o f the red  c e l l s  to  form aggregates, vhich can 
be re a d ily  d ispersed  by adding a drop o f s a lin e  to  the s l id e  and 
g en tly  t i l t i n g .
Grading o f A gglu tination  
Macroscopic
++*+ (h*) Complete ag g lu tin a tio n . Large clump surrounded
by c le a r  flu id*
+4+ (3+) V isual a g g lu tin a tio n . Large clumps b u t su r­
rounding f lu id  i s  p ink .
Microscopic
■ +* (2*) Large clumps surrounded by fre e  c e l l s .
+ (1*0 Clumps, bu t more fre e  c e l l s .
( t )  An even d is t r ib u t io n  of clumps. About 6-16 c e l l s .
¥  Weal: -  even d is t r ib u tio n  o f clumps o f about
3-10 c e l l s .
0 Negative -  no a g g lu tin a tio n  *
- Blood Grouping Methods
Methods ■
1. A ll blood groups were te s te d  by th e  tube method, u sing  
p re c ip i t in  tubes and p as teu r p ipe ttes*
2. One volume o f a n tis e ra , p lus one volume o f c e l l  suspension 
(un less otherw ise s ta te d )  were dropped in to  tubes and 
thoroughly mixed.
3. P o s itiv e  and negative co n tro ls  fo r  each blood group system 
were s e t  up in  the  same way. : ' .
ii. The tubes using  A, B, M and !I a n tis e ra  were l e f t  a t  room 
tem perature fo r  tiro hours, w h ils t the Anti-D was incubated 
a t  3?°C. .
5. The Anti-M, Anti-H and Anti-D were pu t tip in  p a r a l le l  t e s t s  
using  two d if f e re n t  a n tis e ra  to  a c t as a  double check.
6. The samples trere read by tapping tubes g en tly  fo r  v isu a l 
a g g lu tin a tio n . A ll apparent negatives were checked m icro­
sc o p ic a lly  on Murray t i l e s .
7 . A nti-S  and a n t i - s  were te s te d  u sing  the in d ire c t  Coombs t e s t .
a )  Using the same method to  s e t  up th e  tubes, they  were then  
incubated a t  37°C fo r  one hour.
b) A fte r spinning in  a Coombs cen trifu g e  fo r  t h i r t y  seconds, 
the  serum la y e r  wqq ■ removed and c lean  s a lin e  added, and 
thoroughly mixed. The tubes were again spun fo r  t h i r t y  
seconds and the  supernatan t s a lin e  removed. 3his washing 
procedure was repeated  four tim es.
c) A fte r removal o f f in a l  s a lin e  wash, the  c e l l  bu tton  was 
resuspended and one volume o f Anti-Human G lobulin was 
added to  each tube and thoroughly mixed.
d) Tubes were then spun fo r  twenty seconds.
e) They v^r© read  by p la tin g  out on to  a Coombs t i l e .  A fter 
gen tle  mixing, th e  t i l e  was ro l le d  back and fo rth  and any 
a g g lu tin a tio n  began to  show a f t e r  a few m inutes.
8. R esu lts  were then en tered  on d a ta  sh ee ts , using the  system o f 
a g g lu tin a tio n  grading a lread y  mentioned.
' ABO System. ■■ l> I    nil• 1    
1 • A ll C ell Groups* Put up ag a in s t Anti-A^ Anti-B and Group )
■serum.. ;
2. Serum Groups* Put up ag a in st A^ B, 0 and Ax standard  c e l l s
using two. volumes o f plasma sample and one 
volume o f standard  c e l l s .
3. Sub-Groups o f As A ll samples found to  be Group A ware pu t
up ag a in s t Anti-A and Anti-H to  a sc e r ta in  
th e  sub-group A^  or Ag.
Rhesus System
1. Anti-D: Put up ag a in s t two d if f e re n t  Anti-D se ra , in  p a r a l le l  
and incubated a t  37°C fo r  two hours.
■ KNSs System
1. Put up a g a in s t two d if f e re n t  Anti-M and Anti-H se ra  i n  p a r a l l e l .
2. Put up ag a in s t A nti-S  and A n ti-s , b u t u sing  th e  in d ir e c t
Coombs method.
'■ 3.. SALIVA
*
1. C o llec tio n , Storage and T ransportation
Subjects were asked to  provide 2-3 mis of s a liv a ,  which was 
c o lle c te d  in to  wide-mouthed d isposab le  p la s t i c  tu b es. The sp ec i­
mens were then placed  in  a b o ilin g  crater bath fo r  f i f te e n  to  
twenty minutes as soon a f t e r  c o lle c tio n  as p o ss ib le . They* were then 
cen trifuged  hard fo r  te n  minutes and th e  re s u l t in g  supernatan t 
f lu id  was p ip e tte d  in to  w e ll- la b e lle d  g la ss  tubes sea led  w ith p ara -  
film*
They were s to red  p r io r  to  tra n sp o rta tio n  a t  -20°C. At t h i s  
tem perature, th e re  i s  no degradation o f the  A, B and H group specie 
f i c  substances. To preserve th e  samples fo r  a i r  tra n sp o r ta tio n  to  
the  te s t in g  lab o ra to ry  they  were packed in  vacuum f la sk s  w ith d ry  
ic e  obtained from the  lo c a l  egg-packing s ta t io n .
Repeated thawing fo r  tra n sp o r ta tio n , te s t in g  and r e - te s t in g  
seemed to  have l i t t l e  e f fe c t  on th e  in h ib it io n  t i t r e  of th e  group 
s p e c if ic  substances. However, the s t a b i l i t y  o f the  Lewis (Lea and 
Le*3) substances was in  doubt as the  r e s u l t s  obtained were confusing
and inconclusive . On fu r th e r  te s t in g  the  degradation of th e  Lewis
substances seemed complete,
2. Testing Procedure 
Reagents:
i )  P hysio log ical s a lin e  (0*956)
33) Standardised an ti-A , an ti-B  and an ti-H  se ra
33!) %  suspensions o f washed red  c e l l s  -  A, B and 0.
P reparation  and s tan d a rd isa tio n  o f  a n t i- s e ra :
i )  Anti-A and an ti-B  used were standard  blood-grouping a n t i ­
s e ra .
ii) Anti-H was prepared as a s a lin e  e x tra c t  of the  seeds H ex 
europaeus. Ten grains o f th e  seeds were f in e ly  ground and 
added to  100 ml o f 0*9% s a lin e  in  a s trong  b o t t le  and 
shaken v igorously  fo r  f i f te e n  m inutes. The e x tra c t  was 
then  frosen  and thawed th re e  tim es and cen trifu g ed  hard 
fo r  t h i r t y  m inutes. A c le a r ,  amber-coloured supernaten t 
f lu id  was obtained.
I f  th e  a n t i- s e ra  used a re  too s tro n g  they may n o t be in h ib ite d  
by weak s e e re to rs , and i f  they  are  too  d i lu te ,  n o n -sp ec ific  in h ib i­
t io n  w il l  com plicate r e s u l t s .  The b e s t d i lu t io n  to  use i s  th e  h ig h est 
which w il l  give good a g g lu tin a tio n  o f app rop ria te  red  c e l l s  a f te r  
being mixed with an equal volume o f n ea t s a liv a  from n o n -sec re to rs . 
A ll a n t i- s e ra  were s tandard ised  in  the  follow ing way.
D ilu tio n s of a n ti- s e ra  were s e t  up from 1 in  2 to  1 in  32.
Using a p ip e t te  one drop o f each d ilu t io n  was added to  a drop o f 
s a liv a  known n o t to  con tain  i t s  group s p e c if ic  substance,
i . e .  anti-A  and; an ti-B  serum added to  s a liv a  from group 0 
an ti-H  serum added to  s a liv a  from group A or B.
The se ra  were te s te d  a g a in s t a number of s a liv a s  o f known non- 
se c re to rs  as some s a liv a  specimens have more n o n -sp ec ific  in h ib i to ry  
e f fe c t  than o th e rs .
A fter the  sa liv a /an ti-se ru m  m ixture was incubated a t  room 
tem perature fo r  t h i r t y  m inutes, a drop o f th e  ap p ro p ria te  red  c e l l s  
was added, well-mixed and incubated fo r  a fu r th e r  two hours a t  room 
tem perature. The tubes were then examined fo r  a g g lu tin a tio n , w ith 
a l l  negatives being checked m icroscop ica lly . The s tren g th  a t  which 
to  use th e  a n t i- s e ra  i s  the weakest d ilu t io n  which gives good agglu­
t in a t io n  in  th e  presence of n ea t s a liv a s ,  e .g .
Neat 1/2 1/ii 1/8 1/16 1/3J
Anti-A 1 li4 3+ 3t 24
(B.G.R. 362B)
2 ilf 3+ 3+ 1 4
3 u+ 14+ 3+ 24 24 -
Anti-B 1 ii+ lit h f h r .24 1 4
(B.G.R. 3673)
2 h+ Ut k+ h f 24 14
3 lit 1*4 h r 3+ 24 -
Anti-H 1 li+ ii+ 2+ 1t • « »
(S .B .G .U .,
Batch 2) 2 !*+■’ i*4 3+ 2 4 1+ -
3 2*4 3t 14 -  . -
D ilu tion s used:\ Anti--A 1 in 1*
Anti-B 1 in  8
Anti-H 1 in  ii
A s e t  of the samples were te s te d  in  th e  normal way and then a 
sh o rte r  method vras t r i e d  which used le s s  a n ti-s e ra  and pave the 
same resu lts*
Orthodox Method - a g g lu tin a tio n -in b ib itio n  te s ts*
i )  Three s e r ie s  of double d ilu tio n s  (1 in  2 to  1 in  16) of the  
t e s t  s a liv a s  were made w ith 0*9$ s a lin e  in  p r e c ip i t in  tubes* 
Only four d ilu tio n s  were used as the  t i t r e  was no t req u ired , 
in) An equal volume of standard ised  anti-A  was added to  th e  tubes 
, of the f i r s t  s e r ie s ,  an ti-B  to  the  second s e r ie s  and an ti-H  
to  the th i rd .
in) The tubes were well-mixed using a dw hirly -m ixer1 and incubated 
a t  room tem perature fo r th i r t y  m inutes,
iv) Equal volumes o f $% suspensions o f the  app rop ria te  red  c e l l s  
were added to  the th ree  s e ts  of tubes and a f te r  mixing w ell
were incubated fo r  a fu r th e r  two hours a t  room tem perature 
(group A c e l ls  to  f i r s t  s e r ie s ,  group B to  second and group 0 
to  th i r d ) .
v) A s e t  o f known se c re to rs  and n on-secre to rs  were te s te d  w ith 
each batch of unknown s a liv a s .
vi) The tubes were then examined fo r ag g lu tin a tio n , a l l  negatives 
being checked with a microscope. Complete in h ib it io n  o f agglu­
t in a t io n  s ig n if ie d  se c re tio n  and a g g lu tin a tio n  s ig n if ie d  non­
se c re tio n .
A dditional Method
i )  A ll samples were te s te d  by a rev ised  method in  order to  shorten  
the time taken and reduce the amount of a n t i - s e r a  used. A 
la rg e r  panel o f known se c re to rs  and n on-secre to rs  were used to  
check the  v a lid ity , of the  rev ised  method. Using one tube only 
per sample in s tead  of a s e r ie s  of double d i lu t io n s ,  the same 
r e s u l ts  were apparent in  a l l  cases, a p a r t from those inhere no 
sample remained to  be r e - te s te d .
ii) The a n ti- s e ra  were standard ised  as before and a l l  s a liv a  samples 
were d ilu te d  1 in  2.
Hi) Using two drop volumes th e  d ilu te d  a n ti- s e ra  were mixed w ith  
1 in  2 sa liv a  in  p r e c ip i t in  tubes, and incubated a t  room tem­
p e ra tu re  fo r  th i r t y  m inutes.
±r) One drop of the re s u l ta n t  incubation  m ixture was tra n s fe r re d  to, 
a second p re c ip i tin  tube and one drop of %% suspension o f appro­
p r ia te  red  c e l l s  was added, w ell mixed and incubated a t  room 
tem perature fo r  one hour.
v ) Samples were then checked fo r  ag g lu tin a tio n .,
vi.) As the  d iscrepancies  fo\md between th e  two tubes were only a 
m atter of degree of a g g lu tin a tio n  the  samples were r e - te s te d  
u sing  one tube only with one drop volume o f 1 in  2 s a liv a ,
d ilu te d  a n ti- s e ra  and red  c e l l  suspensions,
vii) As re s u l ts  showed no d iffe ren ces  between the normal method and 
the  rev ised  method i t  seems reasonable to  -use the sh o rte r  method, 
p a r t ic u la r ly  with a la rg e  sample$ to  save time and the  amount 
o f a n ti- s e ra  needed, 
m )  Due to  breakdown o f .th e  Lewis substances the few r e s u l ts  obtained 
were inconclusive , in fe r r in g  th a t  they  should be te s te d  fo r ,  i f  
p o ssib le , on fresh  unfrozen samples, or a t  l e a s t ,  very  soon a f te r  
c o lle c tio n .
h- MEASUREMENT OF TASTE-SENSITIVITY TO PHENYLTHIOUREA (PTC)
In 1932, Fox de tec ted  g rea t d iffe ren ces  between people in  
th e i r  a b i l i ty  to  ta s te  phenylth iourea . He c la s s i f ie d  people in to  
ta s te r s  and n o n - ta s te rs , and th is  simple c la s s i f ic a t io n  was essen­
t i a l l y  a re f le c t io n  of the bi-model d is tr ib u tio n  o f ta s te  th re sh o ld s . 
F urther progress depended on th e  estab lishm ent of a standard  
technique. The procedure used by most workers was to  p re sen t the  
su b jec t with in creasin g  concentrations of PTC and record  th e i r  
responses. The low est concen tra tion  a t  which an in d iv id u a l 
recorded a d i s t in c t  ta s te  was regarded as th e  th re sh o ld . As most 
people d i f f e r  in  the degree o f sen sa tio n  which they  consider to  
be a p o s itiv e  ta s te ,  an element of u n c e r ta in ty  was r e f le c te d  in  
the judgement of a th re sh o ld . In 1950, H arris and Kalmus developed 
a method by which the  su b jec t had to  determine the  low est con­
c en tra tio n  o f the  substance which could be d is tin g u ish ed  from 
w ater.
Method ::
1. A stock so lu tio n  contain ing  0*13# of phenylth iourea (PTC) 
was made up in  tap  water* S e r ia l d ilu tio n s  were made up from 
th is  so lu tio n .
Concentration of PTC S olu tions Used
Solution No. PTC mgm per l i t r e
1 1300.00
9
10
11
12
13
11*
7
8
3
1*
5
6
2 650.00 
325.00 
162.50 
81.25 
1*0.63 
20.31 
10.16 
5.08 
2 . 51* 
1.27 
0.63 
0.32 
0.16
S ta rtin g  from th e  h igher d ilu tio n s  ( i . e .  the" weaker so lu ­
t io n s ) ,  and working .down, th e  su b jec t was given a few drops 
in  a g lass  beaker u n t i l  he f i r s t  perceived a d e f in ite  t a s t e .
Tills gave an approximate value fo r  the  threshold* Glass con­
ta in e rs  and beakers were used throughout th e  te s t in g  in  order 
to  avoid p o ssib le  t a s te  contamination"from p la s t ic  b o t t l e s ,  etc* 
H ie su b jec t was then presented  wdth ,e igh t beakers, fo u r con­
ta in in g  ord inary  tap  w ater, and four con tain ing  the approximate 
so lu tio n  determined* The beakers were arranged a t  random and 
the  su b jec t was asked to  sep ara te  them in to  o rd inary  w ater and 
those which ta s te d  d iffe ren t*  then th e  so lu tio n s  were c o r re c t ly  
sep ara ted , the t e s t  was repeated  w ith the  next low est concen­
tr a t io n  u n t i l  the su b jec t could no longer d isc rim in a te  co r­
rec tly*  The low est concen tra tion  a t  which a com pletely c o rre c t 
answer was given was taken as the  th re sh o ld . However, i f  th e  
su b jec t was unable to  separa te  th e  so lu tio n s  accu ra te ly , th e  
t e s t  was repeated  in  the same way, but with in creasin g  concen­
tr a t io n s  o f the  PTC so lu tio n  u n t i l  a c o rre c t answer was given.
I f  the su b jec t found g rea t d i f f i c u l ty  in  d isc rim in a tin g , so lu ­
tio n s  o f one h igher and one lower concentration  were given to  
t a s te ,  to g e th er with the w ater and the  so lu tio n  being te s te d .  
This o ften  was of g re a t value , p a r t ic u la r ly  w ith some o f the  
younger or more tim id  ch ild re n .
The lo c a l tap  water was used to  make up the  so lu tio n s , in  case 
d if f e r e n t  kinds of water caused ta s te  confusion.
Uhere tra n sp o r t end time d id  not perm it the  use of th e  f u l l  
range of so lu tio n s  (1-1 b ), a s e le c tio n  of e ig h t was used fo r  
the t e s t .  These were so lu tio n s  1, 2 , it, £ , 7 ,  8* 9 aud 11, 
p a r t ic u la r  care being taken to  e l i c i t  the  co rre c t concen tra­
tio n  around the  anti-mode.
7. Every su b jec t was given a sample of No* 1 so lu tio n  to  ta s te  
a f t e r  completing the  t e s t  t o  see th e  re a c tio n . Hide v a r ia ­
tio n s  in  response were found and no simple c la s s i f ic a t io n
' emerged.
8. Graphs of each group te s te d  were drawn to  a sc e r ta in  th e  a n t i ­
mode and the su b jec ts  were d iv ided  in to  t a s te r s  and non­
t a s t e r s ,  depending on which s id e  o f th e  anti-mode they  appeared.
5. ANTHROPOMETRY ( C epha lic  Index)
The range o f measurements was n e c e ssa r ily  sm all due to  
tra n sp o rta tio n  d i f f i c u l t i e s  w ith instrum ents. In most schools 
head leng th  and breadth  were taken using  a spreading c a l ip e r ,  in  
order to  c a lc u la te  th e  cephalic  index. As th i s  was th e  only 
anthropom etric param eter measured fo r  th e  v a s t m ajo rity  o f  school­
c h ild re n , i t  i s  the only  one included in  th i s  survey.
Head leng th  was found by measuring the  maximum len g th  in  th e  
s a g i t t a l  plane from the  g la b e lla , o r a f ix ed  p o in t between th e  
eyes, to  th e  most prominent p o in t on th e  occ ipu t.
Head breadth  was found by measuring the  maximum breadth  in  
the  tran sv e rse  p lane.
6. m to m  n sT W
■As  use o f  the anomaloscope was im possible doe to  tra n sp o r ta tio n  
d i f f i c u l t i e s ,  - colour-.'b l in d n e s s  was t e s t e d  using the Ishihare. c h a rts  
. (2.U-P late--E dition ,' 1968). Itien se v e n te e n  r.r -more p la te s  wore r e a d  
norm ally, ; the colour .vision-was re g a rd e d  as norm al. I f  only.-th ir te e n , 
c r  le s s  were r e a d  .as norrasl th e  colonr v is le n  was reg a rd ed  as 
def 1 c ie n t .  In ..p rac tice , most in d iv id u a ls • scored as colour"-blind 
could, d is tin g u ish  - very few of.- th e  .p la te s*  The method: though  f a i r l y  •"  
crude was' e f f e c t iv e .and gave k  reasonable assessm ent o f .co lo u r  
b l in d n e s s  frequencies i n  th e  groups observed .
?• KOS-K^mCAX, TnPTV”
1. lye'. Colour
Ikre co lour v tm  ©corad using the  Martin• S a ile r 'isiand©rd set-' 
o f ©yes, which ranges over 16 v a riab le s . ” vary. dark b m m  to  
very l ig h t  'b lue*■ Subject© were exasitned••fcrfirts 'co lour close to  
* winder, away t r m  unnatural light*
Only in em school in Shetland $©rio~i§ .difficulty •_•
encountered, when a shad© o.f light- groan was'found/in:a essall "pro­
portion of ■ children»■ which did not'coincide.wlt-h -the standard, set*; 
Those were' included in the enter.ory of the' nearest. .appresdfaaitcu.:'
2* ■ Vnsri -Bridge'-Hair
Heir- growing between the eyebrows ■across : the - nasal bridge 
wis scored;.es present or absent* This ves fairly easy apartifror'T. 
•those-with.fine .blend hair*
3*. 1s t  o ra l'1 tv
• - Subjects war© scored fcr left end-'right dc&lRsnse w in g  'era**-.- 
•folding, hnnd-olnepinf, finger-clasping, handwriting*. eyt dost-’ 
•■.nance» end seditions! tests of shoulder' and knee'preference for'
. resting p- aiticr.s, Licking and stepping* .-.!?©" ihdi^idnal: showedr'.atiy ’•;• 
hesitation In choice of position Tor. tioat of the tests, 'although. 
scsis confusion t-ra© apparent in the shoulder preference and kicking 
"exercises,, where. the subject was scored negative, 'All subjects 
..ware-, o.sked i.f ;c\TtorrX factors had affected handedness .it: any m y  
•ond . i f  f eotbsll training bad effected ,foot<mso* ' -..•'
8. STATISTICS
The cemr;'.ter 'progra&s.,(1 \?,M* to  15 V*ii*) ¥ero w ritten  b$ the
f.nsthcr tis 'rp  the. computer Xamn*are ^ r t r r n  h etid a l l  worlt was. ec®- ': 
pi etc-f in a Vartan .772.. e* r*’ 'o r  el the ?-,!*• Ti *?rs ihoorbt 
mors v'r  f ' t e l le  t/" proper^ Tro^r*: e cs p e a r lin ' the *~r: vtsr dntr
'in  "TderPto; nsf-omye .specif io quesTp r -s  **virr !*•'• or ■■■for viocn'the-- 
.■■■varlo.’e ,S»P. S*S.':pecVnpes '.vere-desitxe*» Hie n r ' M ens‘.snc or-ht .erocl. 
/durirp  •.ahoXpslh. of • population .-datr- of t i l s  11 ndlseoued"best fpchlbd 
ib p  esrinrr ..precise ooesllcnr cml irsr-nl stdr*’ ; theo i . r ip  caaputer '.:Xsn~
. poarerri.ihcrt ,-s'nf stir * rneccsaorr crd irre lev an t -d e ta ils  of- .e.- \
: .prepared ;ps^ «■* P ’ p .  . ::; - p p .
'Comprtgr Prcpraos ;
•’•1). ed it Jroproti, ■ Designed to .M ltisllP i> iie tstes vln date p rio r  t  
r  !r.rln:;; p.ti\r- p rep re ss .' I t  .\ms run irlth  e l l /  rropt'fios as a sub* 
routine to co rrec t'd a te  a f te r  tepe-por.chinr*
2)  rr^ rest 1 7,H* . ■ P . This prtprers rrvo the tfsrtotr.* r.iinin-M*: and p 
*.crr* r f  r .ll v a r ia b les . • i  tn t -Jvs' ehhractars*;. e . r .  r l d p o p  
cc-iris t-rora the most r s e f r l .  However* 'X tsiinp of ’ ’e l l  variab les
•:p .'ires a further. check' on .'date nod shared %\p m ?  isistabes.cP;
Results obt s'tied tcere *- .■ p i  - p.-■-.
!) Esnre.-rnd peon■ of rkfre  caT.t per d l r l t#  p :P'
p i  diV. Renee' rmd w sm  of ATD ettflc* l e f t  fttl r*r«:t herds*ii.p-;
' M)'. Overall p ictu re  i?f •.missinr f-iscrvatlens.
- iv) Ape rorpes from rsxlimro and minimum dotes "of . b ir th .
■.-: Ttiess vrere used to  calcu late  end echpsre r id rs  counts p e rp riif it 
•t‘. te l  t -  ^ co.-rA a* ' tho ATi> sn flc  or? le ^ t  end r ! r h i  hands.
3). Froprt-o 2 ;7*.&#■■'. ,. %at$ protnam l is te d  the r  ~ l 'ita ttv e  chsracVl 
. to rs  of ■ pa ttern  fp’tnrp  overall psrae-nsnes* ’.p.,A."
.1) 'Percentage o f ' arches, loops and Kbc-rls*
ip. 1) Pereerteoe 'r f  ra d ls l loops sod ulnnr 1 s* •.. "'
2 ? 0
iij  F e rcen tap es  -of d i f f e r e n t ; t v r e s  o f  w h ir l  s ,  r
±r)' I' isao • f  a;.S3intv abnervaiioriB  f o r  tpte»-
r* ! I ' r ^ r r e  *• . ■.;■
V- r 3  ■ : > Archest ’ ' . t l i o r l s  . •';
-1 m r  loops--F. ‘A rch’-  -^borl- ' '4" ■
" e i ’e !  le o n e .  . Tented Ared . s p i r a l  G'JSierl r -  F
a V' ■ •■'■ ; Contra1 t e t -L eo n
r i p / r a d i a l )
y ■■-■;."■ '" G ■ -v ‘. . ; FLs^oral F r rp a t  tipon
. - ( r l n a r / r a d l a l l
. { r ln n r / r a d /^ X )
r  r : ’■■;■■ y r  fPnrrod.FLm?';
; - . . ■ ' Gf-nipr-s . . .
yFrofy t h i s  ;d 2 t s *  c v e r o l t  p e re s y ta F e s ;  of r  - o s , ' l o o p s ,  w b r r l s  . 
and f a l l -  r e n r e  o f  vlyi/es frtsn d e f e r e n t  . lo r ? ld  t i e s  were cm nrored. . • 
.F. .The p e rc e n te r^  -type on eocb d t e * i  erw r ^ r c e - t s r e  r f d t e t e s  n d th  ■ 
•ryenon ty p e  Kara c a l c u l a t e d  ( s e e  T ab les ' 2 ar-d 3, .Appendix 1 ).
I*)' P r ry m n  .F? ?„.te .This" profrrr-; l i s t e d  t i e ’ th r e e  q n o r r i f i e t iv e
- ’ c h a r a c t e r s  f o r  each' in d iv id u a l  .mid c a l c u l a t e d  t i e  t o t  ?i r ‘ f  
t r ^ - n t y  th e  t o t a l  r id p e  ccym tyiby each : hard.. t r r e t l i e r  r  41 t *  re  
one s ta n d a rd  dev;, a t  tens* I t  sle« .^ne l e f t  and r l t e t ■
■ ■ /ITD mvXe per  i r d t e t r b a l  .end th e  m ess  and s ta n d a rd  fo r - / th e  t r i a l  •
•. m / t e e r - o f  d n d lv l c b s l a ;  
b)y !p '* p r a r :;; 7 .  ■ This p r r r r a r  I t e t e d  th e  H .dre  p'-orf, ne t-to rn
\.F -type pet* f i n r e r  .In a m a t r t e  Cor erscb s p e c * f ‘o r r r . r p .  tea*;-; t h i s  
can bo c a l c u l a t e d  r e le t1 . ro  freon  ©no te s  end. c r tn o la t te e  r e l a t i v e  
. f ro a re n c io e  t o  -co tis trpc tfp ropbs ' to  shot-?' -  .
'■;■■■;' ) d 'f  any c o r r e l a t i o n • e r t s t s ' r between r '  f  • . a t e .p a t t e r n  FF '
t y r e s  m-d . . \ : tt.: r - .,F -
- 1:0 to stn.w - d is ta n c e 'r t f  any b e t e s e r  n e t t e r n ' t y p e s .  y. y F ; .
. - p . .
6) Programs h V.K. to 8 •  10 V.K* to 1b ?*M. ' : '■ 5fces« :
■ pragrmm  were - d e s ip e d  . t e 't r a n s fe r  various sec tio n s  of .data
froa-m ain m rn c tie ,ta p e .ic y  d isc s  or . sssa lls r  tapes in  order 
X ■ te--r«n tb s  Jfonr Kgin ;proframs on d if f e re n t  . le g a l i t ie s  and
; pcp a la tlo n  y re^ p s , F
All computer progrea#;art'listedFir tppsrdisr II*
SIGNIFICANCE TESTS ON DIGIT PESfBRIWOB 'FDR MTTSHH-TTPE
Tables .2,1 ~2. 81 and -3* 1 ~ 3 - i - r o r e  derived from m u ltiv a ria te  
b inary  d a ta , fney shm  percents res  .of d if f e re n t  p a tte rn  types 
appearing on the rang© c t  10 d ig i t s .  Tm  o b se rv a tio n s /o f p a tte rn -  
type p reference fo r  p a r t ic u la r .d ig i t s  are no t independent, because . 
the sssjple- co n s is ts  'o f  a number of in d iv id u a ls  each w ith .10 d ig i ts ,-  
s o • to', t e s t  th e ' s ig n if ic a n c e ,o f  any p a r t ic u la r  p a tte rn , i t  i s  neces­
sa ry  to  c a lc u la te  an app ropria te  l in e a r  c o n tra s t fo r  each in d iv id u a l 
The s t a t i s t i c a l  to s t  i s  '-based cr the-mean and standard  d ev ia tio n  o f 
the c o n tra s t,
■.The high in c id e n c e ,of th e .r a d ia l  loop p a tte rn  on the  second 
d ig i t  o f both hands i s ' a Hell-documented f a c t  (H olt, 1?6h| nnmmins . 
and M idlc, 1961) fu rther, s n b s ts n tia t  eel hv the OrVrev r e s u l t s  of ' 
ill *63? cn th e  r ig h t  hand ana lib ,7-3'? on the  l e f t  bend (see. Table. 2,1.) 
As th i s  date" 'is  obviously b io lo g ic a lly  s ig n if ic a n t  th e  s t a t i s t i c a l  . 
method. I s  i l lu s t r a t e d  fo r  the p a tte rn  using 500 in d iv id u a ls  from tb s  
.Orkney sample. : - 
.Knit iv a r is te  Jo in t D is tr ib u tio n .
  —■ RIGHT-
1
0 r>, ). £ / ■ n  '. f : ft -> 10
J 2 A 3 }:5 X  *7f 1  8 X 0 *10
Each bor (or d ig i t )  can score 1 or 0 .depending on the  presence 
•or absence, o f  /the p a r t ic u la r  p a tte rn  type being te s te d . To t e s t  a 
preference fo r  d i g i t .2 the ap p ro p ria te  l in e a r  c o n tra s t ( l e f t  hand
th e  mean sc'••re vor'ld  bn 0 ,. T"p a .negative'.- p re fe re n c e  I t
t w i n  be n e g a t iv e  a n d -p c s ' i t iv e  f o r  / a ' .m a lt*  'p re fe rence .-  JThe ■ 
a p p rtg ris ts  s ta tis t ic a l ,  t e s t  Is based on a normal -doriaie’ - ;" '
: • . . . -  - .Frio
Mtbcb is 'r e fe r re d  .to tab les of -the ..n'ovmal -.'d? sts^buti h% . r r  V ,
•'to-tee’ stsndard-deviation /of Z  and Z t c  the; glean.- •■■•'..■'
•. For seme te s ts  .the sign te s t  i s  vrcre -ppprorr  's te  than 'the' nor .re! 
dev iate , /e.p. d ig i t  2 t l e f t  against r;rh i* ' g g :-
l l r e a r  c o n tra s t =■ «v3y
where the score ear be ' -1 , 0, -hi
0, I f  no preference
E(Z.) - approaches • -! ' . i f ' a ' n e t a t  * v© preference
- E(zL) approaches +1 i f  there  i s ' s' preference-
.for r i r h i  >:rer le f t ..-
Possible re s u lts  are
• g ■ Hi-rht " L eft -:--vv i
+ ■ ■’■. " + ' \
4 v • / .
- ;•. +
l e t  £ 'b e ' the nrmbsr- of 'individuals Triib rn tte rn  on .the r ig M ' hand 
-only ..-and b toe .member' of' irrl> vl drain Hi lb pa ttern  type cn • the  l e f t  
hand onlr.' Then for no preference - a t b should. be 1 s 1 and the 
sign te s t  t e s ts  the departure ..of the "bserved ra t io  ' a •;g~b. f g r / g
O - b P  -....1 s 1. A- large,sam ple apprr.K i^ati-h :to .th e  > ryri t e s t  ' s Of'
\ i ' . \ ; ch .Isas-AT d ls i r  -.but* on cn one decree' o f  freeclei* iJben tbe  trne  
retie- Is 1 ; 1, 1
ftesPlts- v.:th OrHiey-'-tteta (fib) indlvidr-ais) •• . b . i f
v To assess the m ^ n i f i a m c e  of th e  pa ttern  -type;, ' rsdiaty 1 
the seerrd firm er -of the r l r b t  - 1 - ar 11resr';oontTt03t T tr  ,'esc.h!'
*~dl* ; was - c&lerlaiecX'by c -*• t e r  j?g'.rr Pretre?"c l b  V . ^
t^e  f t r —* © for s norral derlebe. *• ■ •••;-;
wp = spooii
'/V
^  0 .7 2 S - x  8 2 .3 5 1  *  1 0 J i 0 ‘
• ( i )  *T7m . ; , ■ = = : .
? h ‘s  tres found .t*' bo h ip b ty  s i r e r  . f i n s r t  end f ft s '  t e e l T i r t h  t h e '  " : 
Orkney d a t a  as  .= v e r  hO' o f  r a o i f d ;lo o p s  a p p e a re d . >rb s s c c rd  f i n r e r  
o f  b c th  r i f i i t  e r i  l e f t  hands. To t e s t - t h e -  S'Trrs^f vestioefef f e e  r a d i a l -  
' loop- p a t t e r n  fc-r preference^fce  r i n b i  '-band, <rver l o f t  a~ linea r ,c o n t r a s t  
f o r ■ esen  i n d i v id u a l  -tfss - a r a l r  c a l c u l a t e d  b r  -ccricnter*' TTsirvr -.the s i r  '. 
t e s t  -  ; .
r i k L J l i i "  . ■ ■ -id iich-has aril*?- r
. ■ ■ S + b .
■ d i s t r i b u t i o n  cn one d e c re e  o f . freedcrs, -this. t ias ' fcrrd r e t  'to -b e  
. s lvnificnrt-  f - r  the *?kY> ^ixllrldnsls* ■ o.o.
: f  v ,7
a + b 122 . f ~ ;  ,
.This m*s tc: be e rn e o te d  - as. t h e  p o reen to p es  fo r  '^abi-nX Ix n rs -  on th e  
• seco n dyfinner, r T p*»t‘: ' ' rd  X e f t f .  w ere 11.63 end-hi#? 3- f o r  .-'theT a rn s - . 
Orkney ssr ip le .  e f • 1 r 1 I r d i v l d r o l s . .-. i p  r - T
S ta t i s t i c a l  t e s t s  for, d iffe ren ces  between-b of p a tte rn  '-types .
. in  two • groups
,P  ^ .is: t  p a tte rn  type in group 1 with in d iv id u a ls .
Pg.;" p a tte rn  type .in group 2 with ng In d iv id u a ls .
P as te  response i s  100 ac ^  £ /where r  s no. o f.-d ib its ' shewing th e '
pattern, type.
L et x  — ■‘y’ap -  10r
Tnenpcj * where average i s  over h | .  ind iv iduals in ‘ group 1,
*2 " ^2 ' average i s  over - ?ig ' in d iv id u a ls  in  group 2.
F1 (100-P1) 1 '
,” 1
S tandard■erro r (5^) x
10
Standard Error-
4 \ l
p2(ioo-P2) 1
■■.. ■.■■I., y «.
10 tig
This I s  v a lid  only i f  th e re  i s  no aggregation o f p a tte rn  types ever 
the ten  d ig i t s .  ,
I f ' aggregation e x i s t s  then - .
ED(x1)
standard E rro r (ac.5 =
n 1 .
whore .SBfnc^  ) i s ' -estim ated'.from the ' v a r ia b i l i ty  ’ of in'-group 1
SDCx^ )  froK v a r ia b i l i ty  o f Xg in g ro u p s .* .
and-
P^IO O -P,)
x , ')•••• = :-  ■■■ ------  4- variance due to  -apgreRation.
1 ■ 10 . .
As the variance due to  aggregation is"an. unknown -factor, i t  i s  ..impos­
s ib le  to  c a lc u la te  the s ig n ifican ce , i f  any? - of the  d iffe re n c e s  •. 
between the  various -froups. Those th a t  have la rg e  d iffe ren c es  between 
.percen tage 'p robably  are s ig n if ic a n t .  However, i t  i s  suggested th a t
I f  the  p roportion  o f ;d ig its ;  w i t h p a r t ic u la r  p a t t e r n - t y p e  i s  
c a l c u l a t e d  f c r  each in d iv id u a l - ' t h e n  th e  d e g r e e  o f - 'a g g re g a t io n  
a f f e c t i n g  .the f i n a l  p e rc e n ta g e  c s rv b e  e s t im a te d  -and a : normal . 
d e v i a t e  t e s t ;  e a r  be wised,. ©..??•
Proportion o f  d ig i t s  .with a p a r t ic u la r  p a tte rn  T/pe in  prc-np: 1
V x *  X  ; where v -  ♦ t e rn  t y p e  
-for'-th '»x ^ ^ H id r-n l
Proportion- o f  d i g i t s  w ith a , p a r t i c u l a r  p a t t e r n '  ty p e  in  group 2
y »  t
"10
X - :
Tforr.al D e v ia te ' *
r* 2
To f in d  i f  T .R .C . d iffe re n c e s  w ith in  a p o p u la tio n  are s ig n if ic a n t .
From re s u l ts  the T.R.C. of West Mainland, an area of Orkney, i s  
d if f e re n t  from T.R.C. o f Orkney as a whole.
Problem Is  the tru e  mean of Orkney (Uo) equal to  the tru e  mean of 
W. Mainland (Uw). As they  are only samples from each group the tru e
Mean. Orkney = 121.89 S.D. = 1*9.27
Mean ¥. Mainland = 110.28 S.D. = : I4.6 . 12
The lo c a l i t i e s  have two po ssib le  d is tr ib u tio n s  -
' Mw UoUw Mo Uo Mo Mw Uw
where the means may l i e  w ith in  the  same curve or on two d if f e r e n t  
curves.
means are not known, ju s t  the estim ates  from samples taken
Mo in  a normal d is tr ib u tio n  — H(Uo
in  case of Orkney
Mw in  a normal d is tr ib u tio n
in  case of ¥. Mainland
Assuming Uo and Uw are equal ( i . e .  both have the same d is t r ib u t io n s )  
th e  d iffe ren ce  i s  0 ,  i . e .  >  N(0, S .D .)
21.33 + 2.03 ) 
= N(0, 2.]|3)
I f  so, 9%% o f values (Mo -  Mw) w il l  l i e  w ith in  tw ice the S.D. 
d iffe ren ces  in  means, bu t the  ac tu a l value of Mo -  Mw is  
(121.89 - 110. 28) = 11.61
which i s  n early  5 tim es the S.D. from the  mean and th e re fo re  
s ig n if ic a n t .
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DEMOGRAPHIC AND GENETIC 
STUDIES IN THE ORKNEY ISLANDS
A. J. B o y c e  and V. M . L. H o l d s w o r t h  
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a n d  D. R. B r o t h w e l l  
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A p o p u l a t i o n  survey o f the Orkney Islands was started in 1970 with 
two main aims. The first is to investigate the relationship between 
demographic factors, including population sizes and movement 
patterns, and degrees o f genetic heterogeneity between the Island 
communities. The second aim is to  examine the overall affinities o f 
the Orcadians with m ore southern British groups and with Scan­
dinavian communities. In this paper, the history and population 
structure o f the islands is discussed and the methodology o f the 
survey considered. Preliminary results o f studies on local groups and 
on schoolchildren are presented.
The Orkney Islands
The history o f the inhabitants can be divided into three main 
phases (see W ainwright, 1962). The first phase, o f pre-N orse popula­
tions, dates from  N eolithic times. The early settlers probably reached 
Orkney about four thousand years ago, and were followed by 
Bronze and Early Iron  Age peoples. Between the first and sixth 
centuries a .d ., the communities were culturally “ Broch Builders” 
and then “ Piets” . Over one hundred brochs are know n at present; 
as each suggests a local community o f between thirty and fifty 
individuals, the total num ber o f inhabitants at this time may well 
have been several thousand.
In the second phase, after Viking colonization, the islands were 
annexed to  Norway in the latter part o f the ninth century. M any
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F i g . 1. The Orkney Islands. The numbers identify the 28 parishes into 
which the island population's divided.
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by at least late Norse times. This, and the fact that there arc tew 
pre-Norse names, suggests widespread Norse settlement and replace­
ment o f Piet communities.
The third phase began when, in 1468, the islands were attached to 
Scotland as a pledge (which has never been redeemed) for the dowry 
o f the Princess o f D enm ark on her m arriage to Jam es III. This was 
followed by settlem ent o f Scots from  both  highland and lowland 
areas o f Scotland, a settlement which reached a peak in the seven­
teenth century. The extent o f Scots intrusion and survival, like that 
o f  the earlier N orse settlements, can be estim ated through the study 
o f names including, for these m ore recent colonizations, surnames. 
In a study o f  nine cemeteries, from the northern  islands and from  
the central M ainland island, the surnam es o f over five thousand 
individuals were examined. The three com m onest surnam es in each 
cemetery were considered and, o f  the 23 different surnam es found, 
14 were o f  N orse origin and 9 were o f  m ore recent date, indicating 
intrusive family m ovement from the South.
The present county o f Orkney consists o f a  group o f  abou t seventy 
islands off the north-east tip o f Scotland, separated from  the m ain­
land by the Pentland F irth , which although only 6^ miles across a t 
the narrow est is a form idable barrier even today. The to ta l area o f 
the county is 376 square miles. There are a t present ju st over 17,000 
inhabitants, living on 25 o f the islands, o f  which the largest is 
“ M ainland” , some 207 square miles in area.
Figure 1 shows the geographical location and arrangem ent o f  the 
islands and the 28 parishes into which the island population is 
divided. There is considerable variation in the num bers o f inhabitants 
in the different parishes and in the changes in population  size which 
have recently taken place (Figs. 2 and 3). W ithin parishes, with the 
exception o f K irkw all (N o. 13 on Figs. 1 to  3) and Strom ness (24), 
the inhabitants are quite evenly distributed, with little clustering into 
villages. The distribution of houses on the' island o f Sanday (19) 
provides a good illustration o f the nature o f  spatial organization 
o f the inhabitants (Fig. 4). H istorical evidence (Barclay, 1965) 
suggests that the overall population o f the county reached a peak in 
1861. Since then there has been a continuous, though recently 
slackening, fall (Fig. 5). The fact that the population can be broken 
up into a num ber o f small communities, varying in size and in
5000
F ig. 2. Sizes o f  parish populations in 1861. Connected circles represent mainland 
parishes. Area o f circles proportional to numbers o f inhabitants.
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Fig. 3. Sizes o f  parish populations in 1961
• \
F ig . 4. Spatial distribution o f  houses on the island o f  Sanday. (a) in 1905. 
(b) at the time o f the survey in 1971.
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decrors o f isolation from one another, provides an opportunity o f 
tnscstigating the interplay o f  evolutionary factors in producing 
genetic variation, in particular the factors o f  population size and 
patterns o f movement.
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F i g . 5. Population o f  Orkney Islands (1755-1971) and time spans o f  
Census Returns and Civil Registrations available for analysis.
The investigation o f  the genetic and dem ographic structure o f  the 
population  is greatly helped by the availability o f  excellent records. 
The tim e spans o f  the two m ain classes o f  these are shown in Fig. 5. 
The Enum erators’ Returns for the D ecennial Censuses, available 
from  1841 to 1891, provide inform ation about inhabitants a t a single 
point in tim e; the Civil Registrations o f Births, M arriages and 
D eaths give details for individuals in approxim ately four generations 
since 1855.
In addition to their value for micro-evolutionary studies, the 
Orkney Islands form an ideal situation for regional studies. They 
represent a community o f manageable size for investigation and, 
unlike much of the rest o f Britain in which there has been extensive'
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movement o f  people and urbanization, they are a community in 
which there has been com paratively little change in way of'life for 
many generations, and which is isolated from the rest o f the country. 
They provide an opportunity  o f  adding to the inform ation about 
regional variation in this country, and o f investigating the relation­
ship with those parts o f  Scandinavia from which the Norse colonists 
came, and with o ther places, fo r example Iceland, G reenland, Shet­
land, in which the N orse settled.
The Survey
M ost studies o f  genetic variation in this country use suitable 
“ captive” samples, such as hospital communities, o r m embers o f  the 
arm ed services. A n exam ination o f the general population is obviously 
difficult and time consuming. Two strategies have been adopted in 
the present survey: the first is house to house visiting, in which 
arrangem ents are m ade for volunteers to  attend a t a survey centre. 
Using this m ethod, which enables a local com m unity to be studied, 
response rates o f about 40 per cent have been obtained. The second 
approach involves the exam ination o f schoolchildren. The m ethod 
o f organization o f secondary schools on the islands means th a t each 
school contains children whose parents live in a variety o f  different 
parishes. By means o f these survey m ethods, 820 individuals have 
been studied since the survey was started in A ugust 1970. The 
sample consists o f two local groups— the northern island o f Sanday 
(19 on Fig. 1) and the m ainland parish o f Deerness (3), and school­
children from Kirkwall (13) whose parents live mostly in the central 
and eastern parts o f  the M ainland and the northern islands, and from 
Strom ness (24) whose parents live in the west M ainland and the 
southern islands.-Tem porary visitors to the islands, o r children 
whose parents were tem porary visitors, were no t included bu t no 
attem pt was made to exclude close relatives. Instead, genealogical 
inform ation was collected from individuals and from  civil registers 
to enable relationships to be established.
Traditionally, a large num ber o f characters has been included in 
regional surveys, but the genetic basis o f many o f these is poorly 
understood. As the main purpose o f this survey is to make genetic 
com parisons with o ther communities, and to study evolutionary 
factors, the survey has concentrated mainly on characters with a 
simple genetic basis to their varia tion ; for example, those provided
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by blood and saliva samples, and by tests o f colour and taste dis­
crim ination. In addition, the polygenically determ ined variation in 
finger and palm prints has been examined.
One o f the more popular general beliefs concerning the Vikings 
and the members o f N orse com m unities is tha t they were tall and 
blond; and variation in eye and hair colour, and in anthropom etric 
characteristics has also been studied. However, until the genetic 
basis o f this variation is m ore fully understood, its use as an indicator 
o f either local o r geographical relationship m ust be m ade with 
caution.
Examples of Variation
Full analysis o f the m aterial and inform ation collected is still in 
progress bu t even prelim inary results give clear indications that 
considerable differences exist between the Orkney Islands and  the 
rest o f  Britain, and tha t there is local variation between the island 
com m unities themselves.
Blood Antigens
M ost published data for British and o ther European populations 
on any scale are for the ABO and Rhesus (D) systems, and this is 
true for the Orkney population. However, w ork in progress by 
various groups (for example, in addition to  our own work, surveys 
by the N orth  and N orth  East Scotland Regional Blood Transfusion 
Services, and by the London Hospital) should soon provide data  for 
m any polym orphic systems in Orcadians. Here, only the ABO 
system is considered. Allele frequencies for various British and 
E uropean populations are shown in Table 1, which includes the 
results o f the present survey and a previous survey by Brown (1965). 
There is considerable heterogeneity in the ABO frequencies am ong 
northern European populations. The Danish and Norwegian 
populations, however, are both characterized by high A allele 
frequencies. If gene frequencies in m odern Scandinavian populations 
are used to estimate frequencies in early Norse populations, then the 
frequencies in Orkney, Shetland and Iceland, each o f  which has a 
considerable Norse element, are surprisingly low, although they are 
higher than those found in other parts o f Scotland. Regions in other, 
parts o f Britain with relatively high A frequencies do correNpond to 
some extent to regions o f Viking settlement (see, for example,
Watkin, 1956 and 1960) but it seems m ore likely (Fisher and Taylor, 
1940; Steffensen, 1953) that the proto-Scandinavian groups were 
characterized by relatively low A  allele frequencies and are sharply 
distinguished from  the m odern Scandinavian peoples, which have
T able 1. ABO gene frequencies for various British and other European
populations
Population
Sample
size
Gene 
frequencies (%)
N P q r
Iceland 
(Donegani, e t ah, 1950) 878 19-15 7-03 73-82
Denmark
(Goldschmidt, 1961) 87920 27-82 7-46 64-72
Norway
(Hartmann and Lundevall, 1944) 4972 30-44 5-52 64-04
Shetland
(Brown, 1965)* 146 18-99 8-62 72-39
Orkney
(Present study) 407 18-37 11-68 69-95
(Brown, 1965)* 154 22-92 11-25 65-82
North-East Scotland 
(Kopec, 1970) 1092 19-25 10-22 70-53
Rest o f  Scotland
(Kopec, 1970) 53675 21-65 7-09 71-26
Wales 
(Kopec, 1970) 16273 25-25 6-95 67-80
England 
(Kopec, 1970) 397385 26-19 5-89 67-92
* Gene frequencies recalculated by Bernstein’s method (Bernstein, 1930) 
from phenotype frequencies given by Brown to ensure consistency with other 
gene frequencies given in the table.
changed greatly by infiltration from  central and eastern Europe since 
the Viking period. The use o f  ABO frequencies as indicators o f 
relationships with Scandinavian com m unities m ust aw ait much m ore 
detailed studies o f local variation in gene frequencies, particularly in 
those areas from  which the original N orse settlers are thought to have 
originated.
The high frequencies in the B allele, noted by Brown in north-east 
Scotland and in Orkney, are shown also by the present results. 
The exceptionally high B frequencies found in Orkney distinguish 
the islands not only from  m ore southern areas o f Britain, but also 
from other areas o f N orse settlement, such as Shetland and Iceland.
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It wall be possible to investigate the causes o f these high frequencies 
'w hen more inform ation on variation within the Islands is available.
Taste and Colour Blindness 
•r Sunderland, in his review (1966) o f the frequencies o f phenylthio- . 
carbam ide non-tasters in the U nited K ingdom , gives m ainland 
frequencies o f non-tasters which range from  27-6 per cent (N =  1005) 
in south W ales to 32-0 per cent (N = 2 0 6 ) in Scotland. In a sample 
o f 420 O rcadians, however, he found 37-7 per cent non-tasters, with 
even higher frequency (41 • 5 per cent) in those members o f the sample 
from  the northern  islands, although only 41 individuals were in this 
category. In  the 567 individuals so far tested as part o f the present 
survey, such high frequencies were no t found, although the frequency 
o f non-tasters (32*6 per cent) is higher than  the frequency for Scot­
land given by Sunderland. W ith relatively small samples, the ditliculty 
o f  precise establishm ent o f  the anti-m ode, and the possible inclusion 
o f relatives, leads to considerable problem s in determ ining non-taster 
frequencies and in testing the significance o f  differences between 
frequencies. However, the results o f both the present survey and 
Sunderland’s earlier survey po in t to the conclusion tha t the Orcadians 
have higher frequencies o f non-tasters than  o ther populations in the 
British Isles. '
The prevalence o f colour blindness was investigated by means 
o f Ishihara plates. A dm inistration o f these to 404 males and 416 
females, indicated frequencies o f  overall “ red-green” colourblindness 
o f 5-20 per cent and 0-72 per cent respectively. Post, in a review 
(1963) o f colour blindness frequencies in Britain, found evidence 
o f declining frequency o f colour-blindness from  south to  north  and 
from  west to east.. H is overall frequency for the East o f Scotland, 
based on 6236 subjects is 4-92 per cent (com pared with a high 
frequency o f 9 • 27 per cent for south-west England, based on 6648 
subjects). A lthough the present figure is in close agreem ent with that 
found by Post, it is doubtful if it provides further evidence for the 
“ relaxation o f selection” hypothesis. A dam  (1969) has argued that 
the contention that high rates o f red-green colour blindness are due 
to relaxed selection is inconsistent with much population data, and 
that discussion o f selection and its relaxation should be based on 
studies differentiating mild from severe effects. Such studies require 
an anomaloscope, and unfortunately it has not yet proved possible 
to include the use o f an anom aloscope in the present survey. If,
however, it could be shown that it is the severer, dichrom atic defects 
which are a t a lower frequency in Orkney, this would support the 
relaxation hypothesis.
Dermatoglyphics
There is as yet little inform ation on regional variation in finger and 
palm print characteristics. H olt (1964) gives digital pattern frequencies 
for 1000 unrelated individuals (“ m ost o f  whom were resident in 
London or the surrounding counties” ) and Cum m ins and M idlo 
(1943) cite frequencies for 5000 male individuals from Scotland Yard 
records. D ata for the four Orkney samples and the overall Orkney 
frequencies are com pared with these general samples in Table 2.
T able 2. Fingerprint pattern frequencies (%) in Orkney and other 
British populations
Population N Whorls
Ulnar
loops
Radial
loops Arches
Sanday 217 27-1 59-7 5-5 7-7.
Deerness 127 25-6 61-5 5-0 7-9
Stromness 202 25-9 62-5 5-0 6 -6
Kirkwall 238 27-3 62-9 4 -4 5-4
Total Orkney 784 26-5 61-7 5 0 6-8
Britain
(Holt, 1964) 1000 26-1 63-5 5-4 5-0
(Cummins and M idlo, 1943) 5000 25-4 64-0 5-7 4 -9
The most m arked difference between the Orkney and rest o f  country 
samples is in the frequency o f whorls and arches. The increase in 
arch frequency is particularly evident in the m ore isolated com m uni­
ties o f  Deerness (parish 3 on Fig. 1) and Sanday (19). As m ight be 
expected, the proportionately higher frequency o f arches is reflected 
in lower total ridge counts. These vary between 115-2 and 114-6 for 
males (H olt, 1964, gives a mean for 825 males o f 145-2) and between
126-0 and 106-4 for females (H olt gives a mean for 825 females o f
127-0). The variation o f ridge counts within samples, measured by 
the standard deviation, is not appreciably different from that found 
by H olt (O rkney values from 43-0 to 60-9, H olt's values 51*1 and 
52-5). There are significant differences between islands in mean total 
ridge count, and the high herilability o f this character, and the ease
Fig. 6. Proportions (shaded areas o f  circles) o f  grey, intermediate, dark- 
and light-blue eyes (Martin categories 12, 14-16) for Orkney and other 
areas o f Britain.
with which it can be determ ined, m ake it a suitable basis for detailed 
inter-island com parisons which are now in progress.
Pigmentation
A lthough detailed spectrophotom etric study o f  the Orkney hair 
samples is no t complete, a  sim pler colour-m atching o f the specimens 
into six divisions dem onstrates clearly tha t about 60 per cent o f  the 
specimens display the two darkest degrees o f  hair colour, and only 
abou t 2 per cent show m arked blondness. In contrast, very high 
frequencies o f grey, interm ediate, dark- and light-blue eyes (M artin 
categories 1 2 ,14 ,15 ,16 ) were found, with the highest frequencies in 
the m ost northerly sample (the island o f Sanday, 19). In Fig. 6, data 
for Orkney are com pared with Grieve and M oran t’s figures (1946) 
for Scotland, W ales and north and south England.
F io. 7. Proportions (shaded areas o f circles) In 1861 o f  married male 
heads o f households living in parish o f  birth.
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Population Structure
An understanding of the significance o f the similarities and differ­
ences between Orkney and other populations, and  am ong the 
various Orkney com m unities can only be achieved through the 
study o f the origins and inter-relationships o f the inhabitants. U ntil 
the advent o f  perm anent, systematic records o f individuals, the 
historical inform ation is necessarily imprecise. Clearly, however, 
more detailed investigation o f the relative contributions o f the 
settlers through the three main phases o f  Orkney history will help 
in determ ining affinities with o ther communities.
Variation between the island communities, however, is likely to be 
influenced by m ore recent factors, particularly those o f small 
population size and patterns o f m ovement between com m unities
Fio. 8. Proportions (shaded areas o f  circles) in  1861 o f  marriages in  
which both partners were bom  in  same parish.
(H arrison and Iio\ce, 1972) and these can be investigated through 
the study o f  dem ographic records. The Census Enum erators' Returns 
in Scotland are available from 1841 to 1891. These returns provide 
inform ation on household com position, and on the ages, marital 
condition, occupation, and birthplaces o f inhabitants. A num ber o f 
param eters o f  genetic im portance can be determ ined from  these 
records, in particular the effective sizes o f  populations and their 
degrees o f  isolation and interconnection. F o r example, an indication 
o f  the degree o f isolation o f a com m unity can be obtained by exam in­
ing the proportion  o f  individuals living in the com m unity who 
were born there. A n alternative approach is to examine the p ropor­
tion o f marriages which are endogam ous, that is in which both 
partners are from the same com munity. Examples o f  these two ap-. 
proaches are given in Fig. 7 and Fig. 8. In  both  cases, there is very 
considerable variation in the degree o f isolation o f the various 
com m unities, with the northern islands showing most, and the m ain­
land parishes showing least isolation. The two largest communities, 
K irkwall and Stromness are the m ost open.
In Scotland, access to  Civil Registrations on a geographical basis 
is possible, in contrast to  the situation in England and Wales.
May
married a t  O tterswick Ann
on 23 May 1897
Ag.Lab.
James
Fanner
John
W illiam
F ig . 9. Information about William R 1 and his wife and their
immediate relatives provided by his birth (B), marriage (M ), and 
death (D) certificates.
B: born at Clickimin on 25 June 1862 at 0500, vaccinated on 12 August
1862
M : living at Myre, age 34, bachelor, married Ann S r, living at
Otterswick, age 18, spinster; married at Otterswick 23rd May 1897 
D : died at Myre on 23 November 1922 o f pneumonia
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Although these records, which begin in 1855, do  not go as far back 
into the past as Church records, they are an  inform ative record, in 
a standardized form, for all inhabitants, not only those o f a particular 
religious denom ination. Figure 9 indicates the wealth o f inform ation
about an individual (in this case one W illiam R  1) and  his wife
and their im m ediate relatives tha t is provided by his birth, m arriage, 
and death certificates. Inform ation from  these records permits more 
detailed investigation o f  param eters o f genetic im portance. An 
example o f the kind o f  inform ation o f genetic significance provided 
by, for instance, the m arriage records is given in Fig. 10, which 
shows the distribution o f distances between places o f residence o f
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F ig . 10. Distribution o f distances between residences at time o f marriage 
o f  husbands and wives marrying on Sanday between 1855 and 1965.
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husbands and wives a t the time o f  their m arriage on  the island of 
Sanday, totalled over the years 1855 to 1965. I t shows first how very 
skewed the distribution o f  m arriage distances is, and tha t the indica­
tions o f  isolation provided, for example, by endogam y rates, do not 
disclose the very short distances over which m ost m arriages occur. 
F o r the island o f Sanday, only a small p roportion  o f  spouses comes 
from outside Orkney (3*4 per cent) o r even from  outside the island 
(15*5 per cent) and o f  those m arriages which are endogam ous, 
nearly 75 per cent are between people living within three miles o f one 
another.
The small effective population  sizes and the relatively short 
distances over which m ovem ent o f  genetic significance occurs 
suggest th a t stochastic processes may well have played an im portan t 
p a rt in producing local genetic variation. Inform ation from  civil 
registers, and from  census returns, about all com ponents o f move­
m ent, can be sum m arized in the form  o f m igration m atrices (Bodm er 
and Cavalli-Sforza, 1968; H iorns, H arrison and Boyce, 1969) the 
analysis o f  which enables predictions to  be m ade o f  patterns o f 
relatcdness and o f genetic variation. I t is the purpose o f  work now in 
progress to com pare the predictions o f  these models with observed 
patterns o f variation.
Conclusion
The O rcadians have a strong sense o f  identity and provide an 
example o f  a distinctive rural com m unity, isolated from  the rest o f 
the British Isles. In a num ber o f genetically determ ined characters 
they vary from  com m unities in o ther parts o f  the country. F urther 
investigation is now needed to determ ine the extent to  which these 
contrasts are the result o f the complex historical origins o f the 
Orkney people. There is also genetic heterogeneity w ithin the Orkney 
Islands, and the geographical isolation and structure o f the islands, 
and the nature and organization o f the dem ographic records o f the 
area, provide an excellent opportunity  o f testing models which a t­
tem pt to explain local genetic variation in terms o f population  sizes 
and patterns o f movement between populations.
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Summary. The Shetlanc El a ids lie in the North Atlantic approximately equi­
distant between Scotian, Norway and the Faroes. The earliest known . 
colonizers came from the Mediterranean, but when che Vikings ar lved 
(c. a d  800), there seem to have been few or no human Habitants. The 
descendants of the west Scandinavians who came to the . n •" the early 
Viking movement still comprise the bulk of the human tion, and
form a series of isolates unique in the United Kingdom.
The paper summarize-; the available information on the origms and 
physical characteristics of the Shetlanders. Much of this is trivial, bin the 
absence of any other review we have brought together what is known. The. 
only blood group data are ABO frequencies which are similar to those on the 
other North Atlantic islands (Orkney, Faroe and Iceland). The best estimates 
of relaticviship are based on comparisons offnon-metrical skull variant 
frequences which show that the nearest relatives of the Shetlanders are the 
inhabitants a Jaeren in southern Norway. The same conclusion comes from 
independent evidence of linguistic affinities. \
Shetland has the highest known prevalence of multiple sclerosis in the 
world, and possibly a high incidence of gastric ulceration. It also has a large 
number r I standard Down’s syndrome (trisomy-21) patients. These could 
be the result of the fathers’ periodic absences at sea, resulting in their families 
being spread over a large span of years. Clearly there are in : :er. : r. v and 
possibly important morbidity and mortality factors operating in the p v Na­
tion—which could give significant information.about genetical factors in 
disease. Data on mental defect and psychiatric disease are also presented.
••
Introduction
Isolated communities offer particularly valuable opportunities to study Nw effec 
of adaptation on a restricted gene-pool. Nowhere is this truer than the . Ratio.
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of the-Shetland group of nineteen inhabited islands lying north and east of Great 
Britain (59° 31' to 60° 57'N; 0° 43' to 2° 04'W) (Text-fig. 1). The earliest inhabitants 
came in the middle of the second millennium b c , and were megalith builders with 
links in the eastern Mediterranean. They were followed by Bronze Age Beaker folks, 
and Pictish broch-builders in the Iron Age (Table 1). However, by the time of the 
Viking colonization of the islands in the 9th century, there seem to have been few
Unsb30
K ilo m e tr e s
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Text-fig. 1. Shetland, to show the places named in the text.
Natural history of man in Shetland 321
o
'3'10as »-h so  •*t «n 
o s  o s
U  o‘c 2
G CS
Q  U
VO
•*3-
O '.
43
U
<3VO
Os
J)
C
£
.5'5
£
VO f t  .^OS ON
Si o oCN ^OS M r  V ^
'-I 'S, O  VO'“ Z ■ <J\
V- u, o  ^ £0 to 
Q
G ►'V
■a e
T3
sci
o43CO
o
cc3-i—i
*§43*3
>>
<P
w
■§
H
73
§
&
O
03
43o
3
a
o
a
©
03
E
0
M ’S 
s ^
I  &-S^  © coC/3 fitH©
.G
3 £ ° o
73 *■'© V-i
a  U
t3 A
- Ii C3
*3 *g4) °
g  3
•~ *3 
0
CO C/3 Qj
x e §>O O ;2 
V  to •«  r' O >
73 2  ©
5 O £
73 •£  co 5>s VS £ -C 
§ § • 3 0
w Jz;
©  _
.>  ©
2 g  
a  £  
o
»o >i G w c3 T3 
X> GCO X>
43
O
i'-S
§ *3
•S *2 
-  3
03 D,
h ©5  ©2  ^  3  co
o  4-.
o  O-
co
O
« I
A  T34) ©So y 
<  * 
« °< N jgC 'O
O co1_!
c0e
G
3 «43 © 
to c3 3 © 
*  '43G CO
£  «G
-3 *0
G g  3  c3
©
W  ffl
43 AE rt2 V tocGooC3
CO /**\73(O
PQ
4> 73 Ma«m
o
”3
V3
43
COCO G
T3 Cmo ' a Oa
"Cu
a
G
_o
"co
a
<0to
Cm
o
<o
>» G 43 EA CS CO
to ax X wG(O
hJ
<0 o o
c
3 ) G
E .§
£ CCm O
42 ea 
<3 G
i s
00
G
I
£
O
a
E
&
. S ^a  * 3
73 S  G 42 
G "5 
60 A 
G  CO 
43 GCO
«G cn 
tS W
E c" 
S  •§
J3 O3  Ui
pq
p
o
A
*3u
43
P
O
43
to
G
O
H-l
•o 00
to <D
co a
_, -b 
5  §
Sfc- ^?  o  
co- a  
« 2  
1  e5  _o
Q  %-»
.§ s
K  P
S  “ 1  n .s §>C3 r- ra 
G  co c*h 
•S «G O
A h
a)
o3
Q
ooVO
VO
4or-
oo
CJ
o
§
oo
oo
oo
322 R. J. Berry and Veronica M. L. Muir
Piets left. Brogger (1929) argued that the Scandinavians came to a ‘veritable museum’ 
of ‘deserted brochs, farms and outbuildings’, while Shetelig (1940) believed that 
‘the islands were at most only very thinly peopled when the Norwegians made their 
first settlements’, since ‘most of the Piets had earlier migrated to the mainland of 
Britain’. Traditionally, the villagers of Cunningsburgh (in the South Mainland,of 
Shetland) and the crofters of the West Mainland have been regarded by Shetlanders 
as distinct from the rest of the population. According to O’Dell (1939) ‘these were 
thought, in the last century, to show traces of the Spanish wrecked from the Armada, 
but are now considered to be evidence of the non-extinction of the pre-Norse settlers’. 
In fact there is no evidence for either idea. The culture and sentiments of the Shetland 
population are still determined by their Viking antecedents; this paper seeks to bring 
together the physical characteristics of the Shetlanders in the context of both history 
and ecology. ■ ■ ’ ,
Origins of and additions to the Shetland population
There are three lines of evidence that Shetland was largely uninhabited when the 
Viking colonization took place:
1. The lack of weapons in Viking houses and graves from the Northern Isles ' 
(Wainwright, 1962b).
2. The enormous preponderance (about 99 %) of place names in Shetland which 
are west Scandinavian in origin (Jakobsen, 1936; Stewart, 1965).
3. Less convincing, the contemporary accounts of Viking activities in both 
British and saga literature (Taylor, 1955).
Although settlers must have continued to arrive in Shetland from Norway 
throughout the Viking period, there seems general agreement among historians that 
the main population movement took place during a decade either side of a d  800 
(Wainwright, 1962b; Small, 1969). Brogger (1929) has suggested that the udal legal 
system (where the land was divided between all sons and daughters following the 
death of the family head) may have been a factor in precipitating the migration of 
the younger sons of a family, particularly if the limits of taking in new land had 
been achieved in Norway. The economic stresses may have been exacerbated by 
a westward shift in the migration route of the herring at the same time (Toyne, 
1948). For a people becoming dependent on the sea, as shipbuilding technology 
improved and land availability became restricted, this may have been a critical 
factor.
Loot from the British islands has been found in graves from a large part of the _ 
south-western seaboard of Norway, but mainly from Rogaland and Sogn og Fjor- 
dane (south and north of Bergen). From linguistic evidence, Jakobsen (1928) 
claimed that ‘the cl^racter of the word-material in the Shetland Norn points so 
decisively to the south-west of Norway, that one can conclude that the Shetland
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Islands were peopled to an altogether preponderating extent from those parts: the 
stretch of country from Bergen down to Lister and Mandal’, with its focal point in 
south Rogaland. However, there is no physical evidence of relationships on record. 
Donaldson (1969) has estimated from surname evidence that about a third of the 
population of the South Mainland (i.e. main island) was of lowland Scottish.^ 
origin, incomers in the years following the pledging o f  Shetland to Scotland bythe 
King of Denmark in 1469. . ... -
In 1712 the British government imposed a heavy duty on imported salt which 
finally destroyed the foreign trade of the islands and put the local landlords in a 
monopolistic position as agricultural superiors, buyers, and providers (Hibbert, 
1822). They used this to exploit the ‘haaf’ fishing which required considerable man­
power. The landlords manipulated their economic power to discourage emigration 
and promote early marriage, and thus the population increased from 10,000-12,000 
in the early 18th century to a maximum of 31,579 in 1861. The pinnacle of landlord 
influence was reached at the end of the 18th century: even though some landlords 
were showing signs of enlightenment, there was still only one who did not make 
selling fish to him a condition of tenure. The power of the landlords finally dis­
appeared with the passing of the Truck Acts (1872), followed by the Crofters Act of 
1886. However, from 1880 the decline of the haaf fishing, as herring drifters were 
. introduced, associated with both voluntary emigration and the ‘clearances’, contri-
Table 2. Population size in Shetland
-Date Population
c. 1600 
1755 
1801 
1811 
1821 
1831 
1841 
1851 
1861 
1871 
1881 
1891 
1901 
1911 
1921 
1931 
1951 
1961 
1971
9,750
15,410
22,379
22,915
26,145
29,392
30,558
31,044
31,579
31,371
29,149
28,241
27,736
27,238
24,117
21,229
19,102
17,483
17,298
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buted to a decline in population which continued to the present apparently stable 
level of about 18,000 (Table 2) (Coull, 1967; cf. Barclay, 1965). Although Shetland 
has had considerable contact with Scandinavia (through the whale fisheries), the 
armed forces and the-mercantile marine, the present population of the islands— 
particularly the North Isles—still seems largely the direct descendants of the original 
Viking colonizers. On the basis of the census returns, less than 8 %*of the Shetland 
population was not born there, and most (c. 70%) of these incomers were bom in 
either the fishing counties or midland valley of Scotland (O’Dell, 1939). Stewart 
(1954) calculated that over 95 % of the fishing island of Whalsay had lived there for 
many generations. '
Sources of data
The only complete surveys entirely of Shetlanders (apart from the Official Censuses) 
have been for the prevalence of multiple sclerosis in the islands (Sutherland, 1956; 
Fog & Hyllested, 1966). This disease is more common in Shetland than anywhere 
else in the world. Associated with the interest in multiple sclerosis, some other data 
have been collected, but most of these have not been published. We have attempted 
to collect as much information as possible for this report in an attempt to describe 
the physical characteristics of the Shetland people, whilst revealing the extensive 
gaps of knowledge. We have extracted relevant data from the Annual Reports of 
the Registrar General for-Scotland and have also used data from the following 
sources.
Blood groups. Brown (1965) collected ABO and Rhesus (D) blood group data of 
blood-donors in the north and west of Scotland, including the North Isles (Orkney 
and Shetland). She presented data for 146 people from Shetland. To these, we have 
information (Lewis, personal communication) on the ABO groups of 1343 pregnant 
women from Shetland typed at the Blood Transfusion Centre in Aberdeen. These 
represent all the women typed from 1962 to 1972. From this total, 577 (43-0 %) had 
their birth-place (village or parish) in Shetland recorded; 254 (18-9%) were born 
outside Shetland (a high proportion of these being wives of RAF personnel), and 
no birth-place was recorded for 262 (19-5 %). Consequently it has been possible to 
identify regional genetical differences within the county.
Phenyl-thio-carbamide {PTC) tasting. One of us (VMLM) tested the ability of 
247 Shetland children in Lerwick, Whalsay and Unst schools to taste BTC, using the 
Pullin-Sunderland modification of the method of Harris & Kalmus (1950).
Dermatoglyphicpatterns. Palm and finger prints of424 Shetland school-children 
were taken using the ‘Kleenprint’ paper technique. The finger patterns were analysed 
using the methods suggested by Cummins & Midlo (1943), and palm prints by the 
methods of Holt (1968) and Penrose & Loesch (1970).
Non-metrical variation o f the skeleton. The measurement of genetical relation­
ships between populations is most accurately carried out using characters controlled
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by a large number of genes (Berry, 1972). Non-metrical skeletal variation (Berry & 
Berry, 1967) has been found particularly useful for this purpose (Berry, Berry & 
Ucko, 1967; Berry, 1968). The frequencies of 30 cranial variants in 50 skulls from 
the mediaeval burial ground of St Ninian’s Isle (South Mainland) have been deter­
mined by A. C. Berry (1974), and compared with skeletal series from Orkney 
(Deerness), different regions of Norway, Denmark, Iceland, and parts of Scotland 
These comparisons can be made using individual variants, or by multivariate sta­
tistics. These latter have been calculated according to the method of C. A. B. Smith 
(Grewal, 1962).
Mental defect. The Department of Medicine and Social Medicine of the Aberdeen 
University Medical School have collected information on all cases of mental defect 
in the North-Eastern Scotland Regional Hospital Board area (Innes, Kidd & Ross,
1968). The data for the 79 defectives born in Shetland are compared with the 59 bom 
in Orkney and the 1896 born in Aberdeenshire.
Psychiatric disease. Four hundred and sixty-one people born in Shetland were 
referred (for the first time ever) to the North-East Scotland Regional Psychiatric 
Service in the period 1963-71 (Baldwin et al., 1-965; Hall et al., 1973). The diagnoses 
of these, together with the 418 Orkney-bom cases, 6136 Aberdeen City and 6094 
rural mainland cases, are presented.
Causes o f death. These have been taken from Howe’s (1963) summary of death 
certificate information and relate to the period 1954-58. More recent data are avail­
able in the Annual Reports of the Registrar-General for Scotland, but they do not 
change the conclusions and Howe’s summary is conveniently 100 years later than 
data collated by Ferguson (1960) on mortality from 1855 to 1861, when compulsory 
registration of deaths was first introduced.
Results
The data available are summarized in Tables 3-13. Comparable data are also given. 
The value of the Shetland data varies according to the method of collection. We 
present it without comment on these aspects, but it will be obvious that the weight 
to be attached to (say) the ABO frequencies or the carefully-investigated mental de­
fect series must be much greater than mortality data collected from death certificates 
or our pilot investigation of PTC tasting frequencies.
The frequencies of arches, loops, and whorls (Table 6) were the same in both 
males (208) and females (218) and the sexes have been combined. There was a 
slight sexual differentiation in the ATD angle of the palm. This ranged from 63° 
to 26° on the left and 69° to 31° on the right in males (mean 41*8°), and 73° to 33° 
on the left and 91" - • .53° on the right in females (mean 42*6°).
The PTC taster testing was restricted following suspicions about the toxicity of 
the substance. With the small samples tested, establishment of the antimode was 
somewhat imprecise. , _ _ s
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Table 3. ABO blood groups in Shetland-born ante-natal cases, 1962-72 
(numbers of individuals)
Region A
Blood group 
B O AB N
Shetland Mainland 
Dunrossness 
Cunningsburgh /  '
11 6 16 4 37
8 3 4 0 15
Lerwick (6298) ~ ^ 58 19 93 13 183
Tingwall (1688) 16 6 27 1 50
Walls and Sandsting (1356) 21 3 18 1 43
Nesting (380) 2 1 2 0 5
Delting (674) 11 1 12 2 26
Northmavine (696) 10 2 * 13 0 25
Islands 
Burra (565) 10 ....... - 2 . _  - 9_ ______ 0 . .21
Bressay (251) 0 1 5 0 6
Foula (33) ' 0 0 1 0 1
Papa Stour (24) 0 0 1 0 1 •
Whalsay (870) and Skerries (101) 16 13 20 1 50
. Yell (1143) 19 7 34 ' 2 62
Fetlar (88) 0 0 2 0 2
Unst (1127) 5 12 32 1 50
Figures in parentheses are from 1971 Census.
Discussion '
It would be a gross exaggeration to say that Shetland lies at, or even close to the limit 
of free-living human existence. Nevertheless, on at least two occasions in the history 
of human habitation of the islands, the population has had to retreat from the ex­
posed higher ground to more sheltered areas (Small, 1968). Again, the relative 
poverty of the agricultural land has meant that the bulk of the population has been 
to some extent dependent upon the sea since the early years of the Viking coloniza­
tion, and most settlement has been round the coast (Small, 1967-68). Nevertheless, 
Shetland could operate a viable subsistence economy with, at times, considerable 
profit for merchants until American wheat began.to be imported after 1880 
(Heineberg, 1972). Except when the population was artificially inflated by the land­
lords for the haaf fishing, it was probably around 10-12,000 from early Viking times 
onward. (Donaldson, 1958; Coull, 1967). Agricultural practices and the overall way 
of life changed little from early Viking times until the improvement of internal 
communications and the growth of Lerwick in the latter half of the nineteenth 
century (O’Dell, 1939; Thomson, 1970). Selective pressures must have operated on
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Table 5. PTC tasting ability in Shetland school-children and comparable populations
,  Region
Males Females Total
N
No. of 
non­
tasters N
No. of 
non­
tasters ' N
% o f
non­
tasters
Shetland schools
Lerwick (Upper) 142 33 162 33 304 21-7
Lerwick (Lower) 60 29 62 26 122 45-1
Whalsay 30 9 35 13 65 33-8
Unst 15 5 . 25 11 40 400
Orkney (Boyce et al., 1973) 567 32-6
Orkney—North Isles (Sunderland, 1966) 41 41-5
Mainland (Sunderland, 1966) 226 37-0
South Isles (Sunderland, 1966) e 12 37-5
Denmark (Mohr, 1951-52) 31-8
Sweden (Romanus, 1965) ---- '—. _ .  . ___ 1496 18-8
Table 6. Percentage frequencies of finger ridge patterns
Loops
Region N Arches Total Radial Whorls
Shetland 424 6-2 67*2 7*6 26*5
Orkney (Muir, unpublished) 784 6-8 66*7 5 0 26*5
Britain (Holt, 1968) 1000 5 0 68-9 5*4 26*1
Britain* (Cummins & Midlo, 1943) 5000 4-9 69*7 5*7 25-4
Britain* (Biswas, 1963) — 6-8 66*5 26*7
Norway (Biswas, 1963) — 7*4 66-9 5*8 25*7
Denmark (Biswas, 1963) — • 4*8 67*8 6*3 27*7
* Pooled samples with no indication of regional representation, but probably English.
Table 7. Mean total ridge counts
N Mean
Shetland: Males 194 123*9
Females 214 1 1 5 * 5 ''
Orkney: Males — 115*2
Females - — 126*0
Britain: Males (Holt, 1968) — 145*2
Females ■ — 127*0
,JSweden: Males (Book, 1957) 204 139*7
Females 188 120*7
Sweden: Males (Holt & Lindstein, 1964) 39 150*0
Females 50 1304
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Table 10. Mental defects in Shetland, Orkney and Aberdeenshire
Shetland Orkney
Aberdeen 
(City and County)
-N
No./lOOO
population N
No./lOOO . 
population N
No./lOOO
population
Population* 17,298 17,075 319,889
No. of defectives
Male * ...  .. 41 33 1,962 "\
Female 38 /  4-57 26 ]  3-46 834 |  5-93
Chromosomal anomalies
Trisomy-21 24 4 144
Other autosomal 0 2 29
XXY 0 1* 8
XYY 0 0 5
Other sex chromosomal 0 0 7
Total chromosomal 24 .....  1-39- - ' - - -7 ..... 0-41-- , 1 9 3 0-60
Inborn errors of metabolism
Phenylketonuria 1 0 11 .
Aminoacidurias 0 1 14
Others 1 1 - 51
Total inborn errors 2 012 2 012 76 0-24
Cerebral palsy 5 0-29 10 0-59 133 0-42
IQ of patients
70+ 1 1 284
50-70 . 16 19 695
20-50 35 18 580
<50 23 12 241
Mother’s age (years) at
patient’s birth
1-34 33 34 1,263
35+ 45 25 662
Relationship of parents
N ot related 61 48 1,642
First cousins 1 0 10
Second cousins 7 2 6
Other 1 3 2
*1971 estimates.
the genetical composition of the islands over themilleniumfromAD 800,but thepopu- 
'laSon would be limited in its possibilities of adaptation by the genes of its founders. 
The dependence and restrictions of separated populations upon their founders 
is one of the less explored facets of recent human evolution (Berry, 1967, 1969a,
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able 11. Psychiatric disease in Shetland, Orkney and rural mainland of NE 
Scotland (Incidence per 10,000 population per year)
Disorder Shetland Orkney
Rural
mainland
Aberdeen
City
chizophrenia 2-50 2-28 1-36 0-89
fiective psychosis 2-82 3-58 2-68 1-70
geing 0-90 0-98 2-38 ■ 1-47
lcoholism 2-12 1-96 1-50 1-52
ther psychosis 1-22 1-04 1-77 1-48
ersonality disorders 2-20 1-43 2-41 5-60
eurotic depression 1014 * 7-16 6-29 9-04
ther neuroses 3-28 2-14 2-32 4-14
ental retardation 1-61 3-12 0-S9 1-51
il psychiatric 0-58 * 0-20 0-90 1-21
: rug dependency 007 0-07 0-03 0-14
11 other diagnoses 1- 29 2-02 2-00 6-12
Undiagnosed 0-96 1*23 1-63 2-63
otal 29-68* 27-20 26-16 37-46 ’
No. of cases (over a 9-year period) 461 418 6094 6136
Male: female 0-78 0-73 ' 0-74 0-84
Population (1971 estimate) 17,298 17,075 258,917 182,006
Table 12. Age at first referral for psychiatric treatment
- Proportion of total referrals
Age Rural Aberdeen
(years) Shetland Orkney mainland City
0-14 008 0-10 0-06 0-18
15-24 0-20 0-15 0-15 0-22
25-34 016 0-18 0-16 0-17
35-44' 015 0-21 0-15 0-14
45-54 014 0-14 0-13 0-10
55-64 012 0-10 0-12 0-08
65-74 010 0-07 0-10 0-06
75+ 004 0-04 0-11 005
Not known 003 000 0-01 0-01
-
1973). Once a population is established in a particular locality, subsequent immigra­
tion or adaptation has relatively little influence on the frequencies and distribution 
of alleles. Unfortunately we do not have much information about the present gene­
tical composition of Shetlanders, and even the small amount known is of little 
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value for comparative purposes. For example, the ABO blood group frequencies 
are comparatively constant in the eastern North Atlantic area (Tables 3 and 4). It is 
impossible to distinguish between the frequencies present in the founding generation 
and changes that have taken place since. However, the ABO system is known to 
be subject to a number of selective pressures: and a great many of the geographically 
isolated peoples of Europe and neighbouring regions—in particular those living on 
islands, on mountains, and in the desert—have high group O frequencies 
(Bjarnason et al., 1973). Since there is no question of a common origin for most of 
these groups, the simplest hypothesis is that reduced gene flow has made possible 
the adjustment of allele frequencies at this locus. This means that it is dangerous to 
base conclusions about the relationships of the Shetlanders from the ABO data (cf. 
Welch et al., 1973). . .
The frequencies of PTC tasting and dermatoglyphic traits are relatively well 
known for some areas, but the available information is patchy and there is little 
more to be done in the present context than merely record them (Tables 5-7). 
Moreover, different testing methods for PTC tasting affect the results. For 
example, Sunderland (1966) recorded the* frequencies of non-tasters ranging 
from 27-6% in South Wales to 32-0% in Scotland, with 37*1% in Southern 
Orkney and 41-5% in a small sample from the North Isles of Orkney. In 
contrast, Boyce, Holdsworth & Brothwell (1973) found a frequency of 32*6% 
non-tasters in Orkney. Much larger samples are needed to produce an accurate 
picture of non-taster frequencies in Orkney and Shetland. The large number of 
serological and electrophoretically variable traits, which can be of great value in 
population comparisons, have never been carried out on Shetlanders (cf. Persson,
1969), although some data are available for Orkney (Welch & Mears, 1972; 
Welch etaL, 1973).
The best measures of relationships available for Shetland are based on the 
frequencies of non-metrical skeletal traits determined in skulls excavated from 
St Ninian’s Isle (Small, Thomas & Wilson, 1973) (Table 8). Most of the skulls are 
probably of mediaeval date, when the St Ninian’s Chapel served as an ecclesiastical 
focal point for the surrounding area. The last burials were in the mid-19th century. 
Because of the close relationship shown by the skull population to Norwegian 
samples, it is likely that most of them were true Shetlanders rather than 
mediaeval incomers (Donaldson, 1969).
The affinity of the St Ninian’s skulls to South Norway (Jaeren) population 
samples (Table 9) gives direct support to the inferred origin of the Shetlanders 
from name-place evidence. The Shetlanders seem to be more closely related to this 
area of Norway than any other; their next closest relatives are in Orkney and the 
Viking-settled area of the Outer Hebrides (Ensay, which lies just south of the 
Long Island of Lewis and Harris) (Text-fig. 2). It is interesting that Orkney 
(which was much more a political centre than Shetland in Viking times) is more 
like the Iceland sample than is the Shetland one. -
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18-9 27-1
23-8
11-8
2 6 -5
Text-fig. 2. Genetical distances between samples of skulls from Shetland and other 
areas. Low values indicate close relationships.
If the Shetland population is descended from a small group of founders, it 
would.be expected that some of its gene frequencies would be significantly different 
from the ancestral population. As already noted, conventional genetical markers 
are poorly studied in the Shetland population. However, the disease patterns of the 
Shetlanders are relatively well recorded and these will be influenced to varying 
extents by the genetical composition of the population. Most conspicuously, 
Shetland has the highest recorded prevalence of multiple sclerosis in the world, 
followed closely by Orkney (Allison, 1963; Acheson, 1965) (Table 14). Numerous 
speculations have attempted to relate this to climate, diet or geology. Genetical 
influences have been specifically rejected on the grounds that Orkney and Shetland 
(with many cases), and Faroe and Iceland (with proportionately fewer) are all 
descended from the Vikings and hence, it has been inferred, they are genetically 
alike. This fails to take into account the colonization circumstances of the
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Table 14. Prevalence rates for multiple 
sclerosis per 100,000 population 
(after Acheson, 1965; Kurtzke, I9 6 0 -—'
Iceland 44
Faroe 48
Shetland V  ^
Orkney J  '  . 128*
North Scotlandf 56 .
Northern Ireland * 41
Northumberland and Durham 50
Norway
More and Romsdal ^ 38
Hordaland 18
Rogaland 34
West Agder - (65)
Vestfold - ~ 80
Sweden , 21
Denmark • 45
Netherlands 15
Parma, Italy 12
San Francisco ; 30
Sapporo, Japan 2
* The Shetland prevalence is c. 20% higher than 
the Orkney one (Sutherland, 1956). *
t  Counties of Caithness, Sutherland, Ross and 
Cromarty, Inverness and Nairn.
lands. The most plausible hypothesis for the causation of multiple sclerosis is that 
is an inborn error of metabolism with a penetrance affected by immunological, 
ietary, and possibly climatic variables (Berry, 1969b; Field, 1973). If so, the 
agnification’ of a founder effect could produce the observed frequencies, 
nusually high frequencies of some diseases have been recorded in a number of 
mmunities where the founder situation is better documented than in Shetland.
Two other conditions are especially common in Shetland:
(i) Mortality from gastric and duodenal ulcers is more than 68 % higher than the * 
pulation average for the United Kingdom, being more marked in males than 
males (Howe, 1963). This conclusion is based on death certification and could be 
spect. A preliminary analysis of post-mortem information of hospital deaths in 
rwick has shown that a significant proportion of patients presenting with 
ematemesis (and who might be recorded as.. ulcer sufferers on a death 
rtificate) had no ulceration. (R. P. Cumming, personal communication). In the 
sence of adequate morbidity data, it is probably best to conclude that any excess 
aths from this cause were the consequence of isolation before treatment and
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travelling time to hospital. If so, they will decrease with the improving inter-island 
air and ferry service (Cumming, 1968). However, infant mortality is low, and 
since this implies easy access to medical help, this could mean that the Shetlanders 
are particularly susceptible to alimentary ulceration. Carcinoma of the stomach 
has a higher incidence in Iceland than anywhere else in Europe (Dungal,-1961).
(ii) Down’s syndrome is six times more common in Shetland than Orkney (Ross, 
Innes & Kidd, 1967). The 24 cases of this condition in Shetland account for the dif­
ference in mental defect rate between the two island counties, as well as the excess 
of lower grade defectives in Shetland: thirteen patients had an IQ of 20-50, for ten 
it was <20. All the Shetland cases were standard (trisomy-21) patients (A. W. 
Johnston, personal communication). The mother’s age was over 35 years in 
nineteen, and over 40 in eleven cases. The suggestion has been made that the Shet­
land Down’s patients are the result of the father being away from home for extended 
periods (e.g. at sea), so that the family is spread in time. Five of the patients were born 
before 1939, five in 1940-46, three in 1947-50, five in 1951-55, four in 1956-60, and 
the rest later. Two of the patients were sibs with first-cousin parents; one other 
patient had first-cousin parents; and one had second-cousin parents.
With these exceptions, there are no unusual disease incidences. Mortality from 
lung cancer is less than two-fifths that in Aberdeen City but is of the same order as 
in other rural areas of north-east Scotland. Essential hypertension is believed to be 
common by local doctors, but the death rates from arterial disease are similar in all 
parts of the region. Psychiatric disease would be expected to be under-recorded and 
therefore it may be significant that schizophrenia and depression are so often 
diagnosed in Shetland (Table 11). Tradition in the county maintains that - 
depression results from loneliness in intelligent crofters. In all the rural areas, the 
time of first psychiatric referral is later in life than in Aberdeen City.
The causes of death have changed greatly over the past century, even when 
allowance is made for faulty diagnosis 100 years ago. Arterial disease has replaced 
tuberculosis as the single most important cause of death. However, tuberculosis 
was only half as common in Shetland as in other parts of Scotland in 1862, 
according to Cowie (1871) who wrote an MD thesis on the inhabitants of Shetland. 
This was despite the fact that Shetland had more people living two to a room than 
any other county at the time of the 1871 census. In the 20th century the position was 
reversed: the death rate from tuberculosis in 1924 was 1*85 per thousand of the 
population, compared with 0-8 in Scotland overall. Surprisingly, cancer deaths have 
increased only from 4% to 6% of the total. Of the 23 cases in the 1855-61 period 
where the site of the growth was recorded, eight involved the alimentary tract and six 
the face or lip. Ferguson (1960) has suggested that these may have been associated 
with the mending of tarred fishing nets, which were gripped in the mouth while being 
repaired. In earlier days, drowning was probably the greatest hazard for adult men; 
this is now a comparatively slight hazard.
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Infectious diseases seem to have been particularly rampant in Shetland’s history. 
For example, Brand (1701) records that ‘upon one Lord’s day there were ninety 
prayed for in the Church of Lerwick all sick of the same disease (smallpox); whereas, 
when we were there a few weeks before there was not one we knew sick thereof. 
They say a gentleman’s son in the country, who had lately gone from the South and 
was under it when he came home, brought it with him... a third part of the people 
in many of the Isles are dead, thereof’. For most of the 18th century stnallpox 
epidemics occurred regularly every 20 years. In 1720 the disease produced so much 
death that it was known as the mortal pox (or muckle fever). It is said that of the 200 
or so inhabitants of Foula only four men were left to bury the dead, and the island 
had to be re-peopled from the North Mainland by the landlord. Vaccination was 
introduced during the 1760 epidemic, and thereafter the disease was less fatal 
(Cowie, 1871). Between 1855 and 1861, only seven people died from smallpox 
compared with 110 from ‘hooping cough’, 54 from measles, 25 from typhus, and 24 
from influenza (Ferguson, 1960). -
One interesting disease which is said to have survived longer in Shetland than in 
other parts of Britain is leprosy. By the time of Edmondston (1809) it was becoming 
rare, but he recalls that ‘formerly this affection was very prevalent Unfortunate 
individuals who were seized with it were removed to small huts erected for the 
purpose, and there received a scanty allowance of provisions daily, until the disease 
put a period to their miserable existence. The parish of Walls and the island of Papa 
Stour appear to have been the places in which it raged with the greatest malignity’.
Robertson (MS in the possession of T. Henderson of Lerwick) gives a useful 
account of Shetland leprosy, observed on a visit to the islands in 1769; ‘A dry 
scaly eruption sometimes covers the whole body, while the hairs drop off the eye­
brows. The people dread this distemper so much, that to secure themselves from in­
fection, as soon as it begins to appear, the Patient is removed to a solitary hut in 
which he is confined for life, unless the disorder, chances to give way. The 
neighbouring inhabitants by turns supply the wretch with provisions laid down at 
the door of his hut. In Unst I saw one of these miserable Patients who had been 
exiled from society for several months, but was afterwards removed to the Royal 
Infirmary of Edinburgh from which, after six months he was dismissed at his own 
desire, his complaints being much relieved. No person in the ship that carried him to 
Leith, no person in the Royal Infirmary was infected, so that the contagious nature of 
the disease is very doubtful. It may, however, be very proper to prevent the person 
affected with so loathsome a distemper, from sleeping with a sound person afid 
from marrying, but to confine him to a dirty, solitary Hovel is at once superfluous
caution and the utmost cruelty___
The patient whose case gave the occasion to these remarks was most relieved 
by a solution of Corrosive Sublimate and a decoction of the woods. The first is a 
remedy so active and dangerous that it never ought to be employed except under.- 
the inspection of a skilful Practitioner. The decoction is safer and more
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manageable. It is composed of the shavings of Galacum, the wood of Sassafras, and 
the roots of Liquorice. The roots of Sarsaparilla may also be employed for the 
same purpose. A light thin diet, together with whey, barley-water or butter-milk- 
ought to be employed during the cure.’ The description fits.welTwitlTa case of 
advanced lepromatous leprosy (S. G. Browne, personal’communication).
The last recorded Shetland leper diedmT798 (Cowie, 1871). Endemic leprosy still. 
persists in Iceland (Benediktsson & Bjarnason, 1959). There are traditions of the 
importation of leprosy into the western coasts of Norway (especially around Bergen) 
by Vikings returning from the British Isles. There are now only three leprosy 
patients remaining in Norway from a considerable endemic a century ago (S. G. 
Browne, personal communication).
Older writers frequently commented on the longevity of Shetlanders. It is likely 
that a demographic trait of this nature might have been more characteristic of a 
crofting community than any particular disease (except inherited ones). In 1862, 
Cowie (1871) calculated that in Shetland the male death rate between 20 and 70 
years of age was 51-2% compared with 90-0% in Scotland as a whole; in Shetland 
one-fifth of the adult population survived to over 80 compared with one-thirteenth 
in Scotland. Edmonston (1809) noted that women usually lived longer than men, 
and preserved their faculties better, ‘it may be from having been less exposed, to 
excessive and desultory labour’. The Statistical Accounts (1791, 1841) describe a 
Fetlar man who married in his 100th year and lived until he was 140, another who 
died at 120, and a woman at 105, a woman of 98 who died in the house in which 
she was bom, and had slept only two nights out of it, and a seaman who received his 
discharge in his 96th year. Cowie (1871) was surprised to find that children were 
frequently born to women up to 50 years of age, and that menstruation continued up 
to 55 years. In the 1851 Census, the proportion of females aged 70 years or more 
was 10% higher in Shetland than in Scotland generally, while in 1951 the excess was- 
even more marked. In 1971,6*6% of the population was over 75, and 1*3% was over 
85; women outnumbered men 2:1 among the over 75s. In Scotland as a whole, only 
4*2 % of the total population was over 75, and 0*7 % over 85. Modern figures are 
likely to be affected by emigration, and the relative lifespan of Shetlanders and 
neighbouring peoples cannot be established without much more detailed demo­
graphic study.
Conclusions
Health and disease result from the interaction of genes and environment. In 
Shetland an unusual gene-pool is exposed to a harsh environment. This environ­
ment is being ameliorated by technological insulation. In the past there has been a 
Shetland way of life identified by intangible characteristics. The genetical differences 
between islands will persist as the, environment becomes more uniform and, with the 
improvement of communications, more suburban (Berry, 1974). We have sought to
- v- ■ :i> . .
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describe some of the particular features of the Shetlanders. It would be inappro­
priate to regard this paper as other than a portmanteau of facts and descriptions. 
Our hope is that the gaps of knowledge that it shows will encourage others to 
visit, learn from, and study the Scandinavian isolates forming the northern limits 
of the British Islands.
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Suyilmary. The finding of several examples of Hb E Saskatoon in the Orkney Islands, in 
Edinburgh and in individuals of Scottish descent in Canada but nowhere else, suggests that 
the;original mutation occurred in Scotland, perhaps in the Orkneys.
In 1667 Vella et al. described a haemoglobin variant in a Canadian woman 
of mixed Scotia and Dutch descent. It was, indistinguishable by electrophoresis 
and chromatography from Hb E {/32G Glu-Lys). However, on fingerprinting it was 
shown to be different from Hb E and the Glu-Lys substitution had occurred not 
at position 26 but at position 22 of the /9 chain. Family studies showed that the 
new haemoglobin, called Hb E Saskatoon, was inherited from the Scottish father.
Further studies in Canada (Vella et al., 1973) discovered 4 more individuals 
with Hb E Saskatoon, all were unrelated and found to be of Scottish origin. On 
the other hand, Cook and Lehmann (1973) examined 3908 individuals from the 
Northern and Western Highlands of Scotland for abnormal haemoglobins and 
detected 17 cases of /J-thalassaemia minor, 3 of Hb Kdln, 1 of Hb Lepore and 1 of 
Hb Hopkins-2, but no example of Hb E Saskatoon was found:
During a survey carried out by the British Museum of genetic markers in the 
Orkney Islands, an example of an abnormal haemoglobin was found among 398 
individuals, it w p  identified in Cambridge as Hb E Saskatoon. The method of 
screening for haemoglobin variants was cellulose acetate electrophoresis according 
to Graham and Greenbaum (1963) and the identification of the Hb E Saskatoon 
followed the techniques summarized in Lehmann and Huntsman (1974). A family 
study disclosed that this variant was present in 7 of the propositus’ relatives. On 
another occasion, an abnormal haemoglobin sent for chromosomal analysis from 
Edinburgh to the Galton Laboratory in London was identified in Cambridge as 
Hb E Saskatoon. There was no relationship traced between the carrier of Hb 
Saskatoon in Edinburgh and the Orkney Islands. Members of the Orkney family 
have emigrated to Canada and New Zealand and one member has moved to Edin­
burgh. We are now attempting to establish links between the families in Canada, 
Edinburgh and the Orkneys.
180 D. Tills et al.
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Dear Vron,
I've tried running your fingerprint data through the distance and 
principal components programs here, hut I'm sorry to saythat nothing 
meaningful comes out of the analyses, I treated the pattern frequencies 
as if they were gene frequencies and calculated distances using the 
formula of Cavalli-Sforza and Edwards, I also calculated distances from 
the arch/whorl ratio, and, separately, from the ridge counts, I ran the 
three sets of distances through a principal components program, for 
all localities, and for just Orkney localaties, There was a fair'amount 
of spread, hut there was no ohvious pattern to the display at all - it's 
clear that when you treat the characters hy themselves, their variation 
hears no simple relationship to distance or to geography. Perhaps if one 
combined information from these characters, and from characters from the 
palm, in the way the Yanamamo workers did, a clearer picture would emerge, 
hut there is nothing to he made of the results at present. It looks as 
though Mike Hills was right to he sceptical.
I ’m sorry I've taken so long to write and give you this negative news, and 
hope it hasn't delayd your thesfes work too much. I'm delighted to know you 
are almost ready to submit this, and I'm sure the viva will go all right.
I look forward to reading your thesis when it's all over.
I'm in a hit of a panic now, as I'm leaving in a week's time 'ant there seems
to he a geeat deal to try to finish off before I leave the US. It's been
a marvellous trip and I ’ll he sorry when it's over, hut it will he good to 
he hack with Joy and the children again.
I'll get in touch when I get hack, hope all goes well with both deliveries,
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TABLES 6.1 to  6.12
As Tables 5.1 to S.10 with arch* loop and whorl, 
percentages arranged separately for easier 
comparison between localities.
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■ V -  ( f:)+ { lX 0 5 ? -fr (T C ) } -? •  IBA^CK) ) / ? m m ? ! { K )  )
rn f,,, 2
3  n ( r c ) ^ { r ) + i
2 n o w i m m
OF TF L 
F ^HS(5',102)
102  " O R F T  '  F 1 3 x , 5^ ? )
00  6 .J= 1 , 2 ?  :
m X T F C F J 0 3 ) J J>F ( J ) 9m F ( J i H I ^ ( J } 5F m A F f j ) .H C 2 )
103  m^ f(1h^ VAmATE%1xti2y27$i}4t2x9lh,2r9itH2Kfr7,2,1hr,ih)
FTQ P.
IP !)  '
c pp o^rao 2.v;^ . . ■ ' '
r l i n e r n 'c -  t< l5 .» 1 0 )M 2 ^ )9ic { l5 ) ,s ( 1 ^ ) fH{10)#T>(10) 
i n t e g e r  j: ’ ' 
re e l l n 9l r  
ttC T M J 1  
7 i c O f H  
lc(12)= 17  
ic(13)=1P ' 
ic(1ii)=77
m-itC (8 ,100)
100  f t r - r t  ( ' e n t e r  d o  o f  e a s e s ' ) 
re .^  ( 3 ,1 0 1  )nc .
101 f c r . . r l  ( l i t )  
i i 1 id =1,10
Jc ltJ-1,15
t ( , i . ! : ) * 0 . 0  
h ” tinus  
> 3i»1,nc.
refi<3(i:,103)x
F0y «?(2K ,I3 ,S 'S ;,I1 ,iX ,2 ii3J2.t1 ,1X .5(8T 2,1X ),
1 1 2 , 13*,5 ( 2 1 2 , i x ) . i 2 )
• 0  ) = - ( )
X-(8)«T(1Q)
U 3 K ( 1 8 )
T ,( l i ) « tf (1 l i )
t.(S)=;’(1?)
L (?)< 5T (P 1V
£(P)=X(23)
x,(?)=?(2S)
I .( 1 0 )= T r (? 7 )  
r"> 3 - M .1 0  
2J=1,1S
m  to  3 .
2  C( v t i n t i d
3  - . ( j . ; . ) = t ( , i 5! . ) + i . o  
do 11 ,1=1,15 
s ( j )= 0 .0
11 c en tim e  
' do 12 
do 12 -
s ( i ) = a ( l K t ( i , j )   ^ ..
18 .continue 
do i l l  i - 1 . 1 5
s(:l ) - ( e ( i  ) / ( n o a t ( n c  ) *10 .0 -a  (15) k-IOO.O
l i t
r r '^p(r^‘j0 2 )t5.o 
■ 102._ ‘c R (1 5 F B ,2 )
l n - s ( 1 ) 
lr« a {2 )
. . p*s (3)+ s CU) 
v?»s(5)
do 1 3 *6, tii '
1 0^44^1^
4tsH to (?*300)1-,1  
30 fcrrnrt ( t ly » t f f 7 . 1 #t I r - S ‘f7 .1  f '&*>' , f M )
5o  m m w M  /  ■ •
* *= :-
6J?3VO.O
S«0.0
s e o «o
SL=0 « 0
nb= 0
■ -w =q -
- ' ■; ; > d
sdl~0*0 ' •
s m - D . o  .
s j x ^ g  . -
m r r s { 5 r i o o )
2 HSAP(U,300)T,F ,
.I P  (1,F(?).F0.^3) GO TO h 
300 V m m ( S x ,  1 3 , 3 1 2 , 1 1 ,  l x , 5(21.2, I s ) ,  1.2,1 s ,5 (2 i2 ,  I:-"), 12) 
I" {t,f(5 ').en . >?) 00 70 
3,(1)< .F(9) '
T i(2H F (11)
l.(6 )*tP {20)
I,(7)=I/F(22)
I.(fi)=IiF(2li)
L‘(5,-)-T.F(26>
L(10)=t,''(2S)
■ : ,si>0
; t;e« o  ■* '
r-A 1 1 -1 ,5  
; IF (t(T ).no.9*) GO TO 1 .
. l ( ’ ) .D
1 'COTOSlfS -
6r o  3 6  1 =6 , 1 0
IP (L ( l) .n e .9 3 )  GO TO 35 
L{1 ) » 0
35 o .f’Txr^s • •
■ v v :  .
7=',{1)+!, (2 ) *Xi ( 3)+T> (!i) +T<( 5 )
I5!f Tj«Tj(6)+L(7)+Ii('8 )tt>(9)+X'(10) 
iB O ^ T Stn M S ira  ■
IF ( a .n e .o )  ■ ’^- '> 0  
IP (5ffi.t» .0) r * ' ~*Q 
IF (K .eq.10) 00 TO 20 
AROTO& ?(K®l)/(1 0 . 0 -Ft(»TCS!»
20 IF (M .eq.lO) »H!=0,C
IF (H .m .0 ) I3t!?S=D . '
IF (H j.EB. ) )  00 TO 30 
nl=!5L+1
g d i ~ m - i - ( n ,o n ? ( T n  <>z) s T , M a o A ? ( T O ' . i ? s . ) - s t M i . 0 - 1 . o / * t w n ( m , ) )
30 IF (K E.ns.0) 00 TO 31 
SS=viB+1
sdr=SI«+(FLOAT(XmP!R)-FS)F(lI,r®t?{I0!I© )-Pn)«(1.0 - 1 .0/fT O ft?(S!))
SH=^,+CSOAT(t«m©)-!?F.)/^K!A‘?(W ) .
31 IF (M.ns.O) 00 TO 3? ■
PB*FB+1
s a = , 'm + ( F to .f i .T { m F t) - s ) i f ( t !iiOAT(Te! -  ) - s  ) » d  . o - i  . o / n , M T ( m ) )  
a * n ^ F L a i T ( i 'n z ') - $ ) / E i ,O A T ( m 'i
3 2  f!0'?STBB3
I F  ( W { 1 8 ) , « ! . 9 9 )  0 0  TO TO 
I F  ( L F ( 2 9 ) . e q . ? ? )  GO TO 10
lfiTD0-I ,? (r S )t l" (2 ?)
!-5A«NA+1 
GO TO 11.
10 IATO3-0 
GO 10 12
11 ■'■'’. T r m s
7Ar?T*AR?+(KT,0fl7(T/i.TJ?! )-/S ttT )/T O A T (K A  >
1 0 0  FOSFJftTO 1st, ‘ V ila T,*, 1 0 * ,  *TK ! -1?« , 1 0 s , « T R O T *,10x
1' ai50!}10I,V ATO> ) •
1 2  v y r m m
o ra ^ ra /C F ! ,® ? ^ -? )  ) - i  .o  
SB f!*!^O T (ST K )
!?rrJ- s i i , / ( ^ 0 A ? ( ? ? r c )  ) - i  . 0  
S IS > sq B T (S H t.)
s n - s r / f  irx.QflT<??B>)-i .o  
PS=SQHT(BB)
1® IT S (5 ,2 0 0 ) is c n lt l s i i m ', - i 9 im ,o r c , i n t a s , ! f . ,w , l ? f 1 ).T.i’( 3 ) !1l<'C7) 
2 0 0  F 0 ffifflT (1 1 x , 1 5 ,1 0 k ,  i ! t , 1 f 5 j : , i ? , f S .  2 , 1 0 :: ,i !> \  
1 1 jv, 2 ( I b ) , E > x . i h , . f e , i 5 » 5 x » i 2 )
00 VO ? 
h  e l - O L / 5 . 0
5 W 5 /1 0 .0
H '"{  5 ,3 0 1 ) s i ,  o r , s , a r t , s d l , e a r , sri 
STOP
, •
8"T?BRO:j?Tl;B S P IT  ( I . )
D I'SK P IO ?’ I > ( 2 ? ) ,? j(1 Q )
a a . l - ' / l 5 1 , 1 ? 0 , I l l , 1 9 1 > , 2 0 1 ( 1 , 3 3 ? . 3 ?p: . 3 3 6 /  
I F  ( S ,C 3 ) . f S . i i l j9 )  0 0  TO 1 ?
IF (1.(65.BQ.PS) 00 TO Uj
12 IF (t>(3).i'3.lj52) 00 TO 1 3 
IF (1 ,(1 ).-0 .5 3 ) 00 TO 13
1U I , ( 1 } = 1 3
1 3  I F  ( t ( ? ) . w > . 5 ) I . ( ? ) » 2
I 1'  f l ,(3 ) .F 0 .3106) 00 TO 10 
T” (I/Sj-TO.LOiip) 00 TO 10 
TF ( L ( 3 ) . T 0 . 2 2 3 )  GO TO P 
' " 1  X*1 , 1 0
!■ ' ( I , ( 3 ) . F O . f ( t 5 )  GO TO 2 
1 OOFTIMFE
no to P '
. 2  I F  (T .T 3 3 .1 0 )  GO TO 11
I F  (T,(c),l?Q.k?5 1,(1 )®1v 
1 1  r ?  r , ( i  5=i '
I F  ( I .E O .O )  T .(1 )« 3  
I F  ( I . f - T . 7 )  00  T O .b 
I." (l.I,T»’i) CO TO '3 .
I P  ( F ( 6 ) . P F . 1 2 )  GO TO ft 
1 0  T,(t.)=1
T-(5)«1 .
00 TO t ' .
3  - IF  ( t . w . 3 )  Go TO }|
• T) 0  5  1 = 1 9 ,2 3
5 i , ( j )= ;p
■fin TO B
■ h . UV< )*■?■}
■ I -  ( T ,E 0 .2 )  t ,(g ? )* r> 9
00 TO 7
V- IF (L (3 ).N S .^ 7 ) GO TO .8 
IF (L( 6 ) ,HE,99) GO TO 8 
L (1)-50
9U ? > 3
<*?• |
10
pROGiiAs H.V.W. ( t m m r n  w m  t o  m o o )
p p m r - t m  1 . ( 2 0 }, m h o ) ,  h a ( 1 3 )
DATA • » ( ' ) ,  im(10)/2SffT,2HAP,2HET,/
c m ,  m o m ;  ( 2 1 , 2 1 , m ,  0 )
3 K8M5 (k,100)L  
CM2. SUIT (L)
100 FOHKflT , IT ,B j, 3 1 2 ,1 1 ,1X,5 (212 ,11 ),
1 I2 ,1 X ,5 (2 I2 ,1 X ),I2 ) ■ ■
IF (T ,(5).® !.9?) GO TO k .
IF (L(1).LT.301) GO TO 3 
IF (1 .(1 ).GT.30k) 00 TO 3 
1» I-SITE (2 1 ,1 0 0 )t
IF (I,(S).1?3.9f ) 00 TO 3 •
c a l l  7 m m  ( 2 1 , 1 )  .
F"0P
ESP
c  ( 1 / 2  t m m t m  ? o  m s s )
t ™ "  o r  l ( 2 9 ) ,  H i d e ) ,  ? A (1 3 )
DATA FPO ) ,  ?«{•?), HA(10)/2HPT,2©P,2!S0/ 
calx, v —,yr. (21,21  
3 VMV (li, 100)1,
CALL FOX? (I.)
100  ~ 0 ® m  ( 2 £ , 1 3 , 5 X ,1 1 , 1 1 , t i » , 3 1 2 , 1 1 , 1 X ,5 ( 2 1 2 , 1 X ) , 
1 1 2 , I X ,5 ( 2 * 2 , 1 X ) ,1 2 )  
IF ( t , ( 5 ) . a a . 9 ? )  C'O TO h  
XF ( L ( 1 ) .H E .6 6 )  GO TO 3 
1» ' W O T  ( 2 1 ,1 0 0 ) 1 ,
I F  ( L ( 5 ) .N ! S .9 ? )  0 0  TO 3 
CALL 7RCW3 (2 1 ,1 )
s t o p
n m
11
C PROGRAM 5 .7 .H . KAHES DIVISIONS TO BISC
BIME5ISIOH 1.(29), tiC(13), KI(IO) 
msft W (8 ) , IS (9 ) , KC!(10)/2HW5,2HJ’1,2H/
CM X VSOPSI ( 2 5 , 2 5 , n o , o )
5 EBRD ( k ,  1 0 1 )1 ,
CAXI EDIT. (E) interchange fo r  aemea d iv is io n s
IF (L(5).EQ ,99) GO TO 3 XF ( 1 ( 2 ) .EQ.2) GO TO 3
o r
I?  (J,(2).EQ.1) 00 TO 3 I?  (Ii(2).FQ .3) GO TO 3
C-0 TO 5
101 FORMAT (2X ,I3,5X ,1 1 ,1X,Il»,3 1 2 ,1 1 ,1X,5 (2 1 2 ,1X),
1 I 2 , 1 X , 5 ( 2 I 2 , 1 X ) , T 2 )
3 WHITE (25 ,101)L
IF  (1 ,(5 ) .ME.99) GO TO 5 
CATJL VSCLOS (2 5 ,1 )
STOP ;
EOT
C
c
12
C H ’CCRAH 6 .V .1 J , ( ( H ’N E r V h f k  ',$&% RKX5RAK 1 .V .1 5 .)
L ( s ? ) ,  r i ( i o ) ,  n ( 2 = ) ,  t ? ( 2 ? ) ,  k i t ? ( 2 9 ) ,  t « a x ( 2 ? ) ,
1 X '« P ( 2 ? )
DO 1 1 = 1 ,2 ?
f a x ( t ) « = i
MIB(1)=SOOO
X ? ® w (T )=o .O
* :(:r)= o
H(X)=' •
1 c m r r ~  -
3  m m  ( ! i , i o o ) L
.3 ?  GO TO 5
CAM, S O I?  ( I , )
100 KiWSVr (3X .M ,5!f,I1 ,1“ ,3l(,3TS,T1,1>:,5(2t2,1'!!:),
1 X 2 ,1 X ,5 ( 2 I 2 ,1 J t ) ,T 2 )
I S  (T ,(1 )„ 0 ? .2 ? 'i )  GO TO 3 
CAM, 1EnO!(t,T-?,U,miC,^!,X^EA^)
GO TO 3
5 .WHITE (5 ,102)
102 FOf’OAT (1H.1)E,*0BS»,3!?,'HWC<,  31,» * ' ,  3K, * "S'-!’',13K,*BISS<)
r;o6j-t,2 ;>
m m  ( 5 , 1 0 3 ) J s S ( J ) , i a X ( J ) 5H Iil( ,T )s s ;S 3 ftD (J )9T-T{J)
6 COSTS
1 0 3  r c e m  ( 1  V B A R r a f E S i ^ T g . s x . T M X j T i i . s X t U ^ x ^ x . p . m , - ! . )
fl-TOr
BHD
H E -3 S 3 I0 B  1 , ( 2 9 ) ,  .K ( 2 ? ) ,  t f ( 2 9 ) ,  ? % ? ( ? ? ) ,  M IH (2 9 ) , ? ? S A B (2 0 )  
DO 20=1,20
I "  ( i ( ? : ) . E q . 9 ? )  GO TO 3
X;' (h(F.).(iT, ) DK'00=T,(K)
X? ( I .(K ) .X ,T .’O T ( K »  ! 'I? ’( d )= B (E )
K(E)=^{K)+1
XIIPAD(K)=IISAA'K!0 +(ROA?(T.(F))-X-’BATT(K ))/~ ,O A ?(:, a r ) )
C-0 TO 2
3 '7 f ! - ) - ' ' ( r ) + i  
- 2 CONTINUE 
STOP 
END
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0 PROGRAM 7.V.M, ' (ORKHBX DATA WITH PROGRAM 2 .? .M .)
DBfSNSIOH X (2 9 ), 'T (1 5 ,1 0 ), 1(29 ,  IC (1$), S (10), M(10), 11(10) 
INTEGER I
h ea l m $ m  :
DO 7K-1•11 
' 7 10(K)*X' •’
IC(12)=1?
IC (13H B
10(11*)=??
XC(15)=99 
DO i*K>1f10 
DO 1*J=1,15 
T(J,K)«0.0 .
1* CONTINUE .
3 HEAD (1*5100)L 
100 FORMAT (2X |I3?^XjI1 s1XsII*53I2,X1 ,1X ,5 (2 1 2 ,1X),
1 I2 ,1X ,5 (2 I2 ,1 X ),I2 )
IF (L($),BQ.99) 00 TO 5 
■ CALL EDIT (L)
IF (L (1).G I.28) GO TO 3 
CALL A1L/D,T,IC).
' . ■ ; GO TO 3
5 DO 11 J=1?15 •
S(J)=0.0
11 CONTINUE
DO 12 1=1 >15 
DO 12 J*1,10  
S (l)« S (I )+ T (l,jJ
12 CONTINUE .
INSERT HERE NO. OF CASES E.G. NC-X 
DO 1l* 1 -1 ,15  
• S (lH s(l)/(H ,0A T (K C )4f10 .0 -S (l5 )H {'100.0 
11* CONTINUE
WITS (5 ,102 )1 ,3  
102 T m m  (15x8.2)
LR»S(2)'
A=S(3)+S(lr)
T>0 1 .T=6,1li '
!*=T'+S{,?)
1 c a m m i  
m a r s  ( 5 , 3
330 PQSS? T7.1,*I,R»',F7.1,»A««,P7.1
STOP -
. W t)  ;
— m C T jfjX S)
I .T V T X
":T " '^ - 0 0  K (2 :0 , T ( 1 5 , 1 0 ) (T , ( 1 0 ) , I C ( 1 5 )  
X,(-« > = X (8)
T , ( 2 ) = r ( 1 0 )
L ( 3 ) = « < 1 2 )
I,(l> j*5C(lll) , 
l , ( 5 ) = * 0 6 )
.T,(6)="(r:,!)
T , ( ? ) * r { 2 i )
t,(C)=P(23)
Tj(3)=X(25) .
T ,(10H '(27)
' TO 3 T = ^ , t0  
P0 2.T=1,15
IF (i:,(F).EQ.TC(J)) 00 TO 3
2 CrUTIf”'3
3  ? ( fr j,K )=1’{ J s K )V i.O
fO T!W *
& ;n
is
rnoanAM s .v. k. ■ (omim m?.h
mmmm i ~ ( 2 o ) , t , ( i o ) , f i ( i o )
1»=0
ARWJ.O
0**w# «J
3 * 0 ,0
SLf0 , 0  ‘
!?B»0
KL»D
!IR®0
KEITI3 ($,100)
2 fcBftt! (ii,300)T,F '
100 F O R M ? (11K( *TRC X,%1O!C,*Ta0 E* ,10S, '
1 * ARCS 10!t,» ATD*)
300 FORRSf (2 K ,l3 .5 ? ,I1 ,1 J :.fl» ,3 I2 ,T 1 ,tt,5 (2 K ,1 S ;),I2 ,W ,5 (8 X 2 ,1 T ),T 2 )  
IF (I,F (5).E 3.9?) GO TO li
CAKt W P  ( f f )
IF ( i r ( 1  ) .0 5 ’. 2 P )  GO TO 2  ■
CAK. StfWKKTO®
GO TO 2
ii F t ,= 3 , / 5 .0  -
m = m /z .o
s » s / i o . o
v:H3TB (5 ,3 o i)g t.fsa,s,aFT-
301 FORMAT (i("20,3) . '
BTC?
IP O ' . .
SURR0OTXFE THO(0r,,5R,O>I<F,TI»1,T'i:,,IsR,HB)
DI!f$IOIO’n ,F (S J ) ,1,(10)
! , d H r ( ? )
l i ( 2 ) * W ( 1 1 )
I(3)=F !'(13)
X,{M=T.,F{15)
t ,(r -H p fi? )
T /fi)-IF(?")
U 7 ) f M s s )
L ( 8 ) = L F ( 2 l* ) v
L ( 9 ) = L F ( 2 6 ) '
X,ClO)=t,F(2S)
'I S - O .
■ ' ?m= 0 :
. DO 1 I»1 S
. i f  ( U t ) . m . 9 ? )  m m  1 :
-
■ u i h  o
t  c c m m m
1 ) 0  35 1^5 ,10
: I? (X,(l)*WBo9y) 0O:fO 36 '
.  i , ( i ) = o
36 OC^ TIHOB ■ ‘ ■
) i * : s ( 2 ) + i ( 3 ) 4 £ ( l i  h U $ )
■ . i S H ! « s i r r ! u i s ? m
i f  ( i c . f b . o )  i m m * o ,  ■ 
i f  .
-IF (M*fJE'*Q) ISIF&O •
. IF (M.BQ.10) GO fO 20 ' 
AHG^ FTiOATC IS I JH)/{ 10 * 0<-Tt»0 A T{ H } ) 
20 I f  (H*EQ*tO) im a«0 .0  
■ IF (ff,.W S.O) 'GO TO 30 
FLsKLt-1 ■
■ * ^ M ? Z Q A ? (  TStm »)-ST ,)/m A T (?'^)
30 IF fH R .H E .O ) 0 0  TO 3?
31 I -  V u m * Q )  0 0  TO 3 2  ■
32 OCM r ”  0
17
IF GO TO 10
IF ,(1^(29),EQ.90) 00 TO 10' 
m T I1 ^ f(l6 )^ f(2 9 }
■■„ G0.T0.1V 
10: . 'XATr^ cO .
GO TO 12
11. OTftMIF 
' . A H T ^ R T w - ( F T f O A T ( )  •
2 OOHTIMS 
■ ^ITB ■(?a200)XSmT,5IS!Om5ienT9AFOsIATm 
.200 ■ FORMli?
RFTUM '
. Ml)
0
18
t r t . F { 2 9 ) , XRG(1 ix, liO). IC!(1 !l)
BATA X S /1 ,2 , 3 , l i , 5 . 6 . 7 , 5 , 9 , 1 0 , 1 1 , 1 7 , 1 0 , 7 7 / .
2 READ (U ,.1 0 0 )I ,F
1 0 0  FOBftT ( 2 X , I 3 , S X , I 1 , I f ,H i ,3 1 2 ,1 1 ,1 f , 5 ( 2 1 2 , I X ) ,  
1 I 2 , 1 X , 5 ( 2 1 2 , 12C),1 2 )
IF (LF(S).E>0.99) GO 70 1 ■
do m . 1 , 5  
£ .2 * 1 + 6  
DO 10 1 -1 , 111
IF(T,F( K}. SQ. IC (I. ) ) GO TO 11
10 C O Sm T ffi 
GO TO L
11 K-2»X+7 
TO 5J-1,l»0
IF (t ,F (k ).« 3 .J -1 ) GO TO 6
5 CO’ffTXJJSF 
GO TO Is
6  m o ( t . , j ) - i R o ( i . , . r ) + i  
U CODTIfFIB
SO 71*6,10  
E»2*I+17 ' .
DO 12 t=1,1It
IF ( I F O O .E a .T C f t . ) )  GO TO 1 3
12 COlimJE 
00 TO 7
1 3  R«2»X+16
DO 8«J»1,1|0
IF (t.?(K).BQ.IC(li)) GO TO 9
6 OOHTIrSJS 
GO TO 7
? r a c ( t , j ) * i R C ( i , j ) + i
7 COWTMJE 
00 TO 2
1 WITS (5 ,1 0 1 )TEC
101  FOHOT ( H I S )
STOP
END
19
c  I'R or-m H  t o . y . s .  ( o m c u s r  * «  ' i t i f s  t o  d i s c )
r.f-r; n , / l , 3 ,6 ,7 ,1 0 ,1 1 ,1 3 ,1 5 ,lC »30,-^3.2ii/■
W.TA ,25,27,86/ •
BATA IB /O ,'’ * > ,2 6 /
a«.Ti, K A (a )p • f ( ' ) J s a ( i o ) / 2 f ! P T , 2 i a p , 2 f s $ /
W A  ® ( e > .’ •'(y),H5(10)/!2f»!i,2HF1,2f^;%'
1»T& ^ (f! ) ,> S < 9 } ,® (1 0 ) /2 m S t2H5l;:2H/ • • 
c s t i i i  ? s n p s n  ( 2 i , 2 i , m , o )
CAM, FM-PiM ( 2 ) i , 2 i i j ’S , 0 )
CAM, vBOPffi (2 5 ,2 5 ,® * 0 )
1 HUM* ( J t , 1 0 0 ) t  ,
,100:, (2£, 1 3 ,5X,T1,tX,III, 312, II ,15t, 5(212,11 ) ,
12*11,5(212,13?),12) 
c a m , sr-iT ( I . )  '
IF (I,(5).SQ ,p0) CO TO 2 
BO 11 1=1,12
IF ( U D . m . ' U D )  00 TO 2 
11 C0FTI'~>3 
GO TO 5
2 13OTB ( 2 1 ,1 0 0 ) 1 .  '
I F  (1 ,(5).?® .??) GO TO 1
(10 TO 3
5 BO 13 1=1,6
IP  (t(,t> ).S ? .IR (l)) GO TO 3
1 2 . eoB 'X in~ 
GO TO 6
3  WBTTH ( 2 l>, 1 0 0 )1, , 
IF (I,(5).K B.99) GO TO 1
GO TO St
• 6  TO 1 3  > 1 , 1 |  • :
IF  ( t ,( l)„ E q .tB (X ))  GO TO ii 
• 1? CiOHTIJJiJS
GO TO 1 
It MOT'S (35,100)1, ,
I« (1 ,(5 ).!® .??) GO TO 1
ao
cml  7 m m  ( 2 1 * 1 )  
CJJJL VBOIOS (21*,t> 
c m ,  m a u s  ( 2 5 » D
STOP
c
f*
0 PROGS/P; 1 1 . V .K . .(IO C M iIT IH S  TO D IS C )
p r ^ i o K .  ? t m ( i  3 ) #w b ( i 3 )»  r j n ( i  3 ) 9 i h ( 2 ? )
U f k  K T . ( e ) , I H l ( 9  ) t m f t ( t O ) / 8 m » r , 2 T O , 2 I ® 5 / -  . 
m m  '" - 3 ( e ) , jE - ,? ( s i ) , « ’r : ( i o ) / 2 H t ^ , s « , 2 H /  - 
BATA ’ r - '3 ( 8 ) ,H W .( 9 ) , ; - ’3 ( 1 0 ) / 2 r o 5 . 8 H , 2 » /
V  0A1X FSO B H  ( 2 1 , 2 1 0 )
C A I,t.:?S O P ®  ( 2 ! i ,2 i j , . ‘r T , 0 )  
' CAT.X. TO O P®  ( 2 E , 2 : V ~ 0 ! 0 )  
ii KEf«r ( i t , i o p ) n ?
CAT,.'?- " " " T  ( I t s )  ■
i »  ( i n ( 5 ) . m . ? ? )  g o  <ro i o  
I P : ( n r ( 1 ) . B J . 1 3 )  TO 1 0  
I F  ( r r ,’1 > .B !5 .1 ? )  CO TO 11 
I F  ( I P ( 1 ) .1 3 Q .1 ? )  CP TO 12  
10Q m i « T  ( 2 1 . 1 3 , ; * ,  1 1 . 1 X ,7 U ,3 1 2 .1 1 ,1 3 5 ,5 ( 2 1 ? ,  1 ? ) ,  
1 3 2 , n * , 5 ( 2 J 2 , 1 T ) . T 2 ) . '
GO TO Is
1 0  " O T P  ( 2 1 . 1 0 0 ) ®
TP ( r o ( S ) . f s n .  ■>) GO TO !j
11 T ® IT S (2 ii,100)1?:
I F  f r ' f ' ' ) . T ! S . o ? )  GO TO h
1 2  t ’F I T I  (2.0’,1 0 0 ) I H .
, CCTOl i '
5 CAT® VSCI.OS ( 2 1 , 1 )
CAB, V3CM B ( 2 U .1 )
CAT® fSCT,OS ( 2 5 , 1 )
STOP
S!5D
C
e
HffiGfiAH 1 2 . U .K .
naS 'w STC *’ 4 ( 2 9 ) I i » ( 1 3 ) s X ,(2 ?) 
m  r m ( ^ ) , : a ( ? » ) , m ( i o ) / 2 H P r , ? R A P . 2 H s s /  
a m  ^ / f i» 5 .7 .1 1 , 1 5 1 1 ; , l ? 5 t  ,1 * '' '  ' ,* 7 5 2 ,7 0 1  , 1 5 2 V '0 ' , 1 ? 5 0 ,  
6 5 7 ,1 5 2 7 ,1 7 3 ? , ? 6 f i , ? 0 6 ,1 7 6 3 ,1 & 0 , 1 * 3 $ ,1 7 3 6 , 1 7 6 5 . ? ? ? , % 5 , ? ? M « 1 6 »  
1 5 3 5 ,7 0 6 ,1 7 6 7 /
<’ *T,T. w h t * :  ( 2 i , a i , ! » . , o )
1 f l i ,  1 0 0 )1 . '
100 '"O-S'AT-fgr.xj.py.II.IO .TluSS.tlslXjPCgTS^S),
1 1 2 , 1 3 t,5 ( 2 1 2 , I T ) ,  1 2 )
C A S  E D I?  ( 5 )
tO 21=1,2?
.. 7? ( T ,( 3 ) .S Q .H ( f ) ) '.  (FT TO 1
2 • B t i 'n i n s
IF (7,(6),07.55) CO TO. 1 
;« I T E  ( 2 1 ,1 0 0 ) 1 ,
IF ft.(5).® I.e9) CO 70 1
c m ,  v s o i m  ( 2 1 , 1 )
■ STOP '
■6 S IB
33
P B O C fPU PIO ,?*!!, ( M M  P3TB $  7 m . )
... T ,r  _r:r.x ( i 3 ) i?P^B{1 3 ^
: t : i* T ' ( /  ) , r r TA ( 1  o ) / 2 k p t , 2 r o i i \ s p b  Y
*JW „ . t  ' ) , > l Y  '} , ^ - T r i O ) / 2 ^ 1 i , ? ' I  .? '?  /
m i  w " D , ; ^ f  .. ) ^ T B ( r O / 2 r’i*:-,2R  ,2 f i  /
■ c a n ,  ( 2 1 , 2 1 , )}
c a w ,  ( a i u ^  o )
OATX ( 2 0  2 , * * * ,0 )
' h EM B  Cl* ,1 0 0 ) ' IP  
CA1X  b o i t  ( v  * ■
T? {T r l f l ) * ^  } 00 ' TO 10
I P  C T P C 6 ) , I . \ l j )  GO TO h „w  . . .  -  r
T P  f*n i?A 1 ; ' ! m  ? iv  ?  '"’
ip (vr(6).m.6i) oo to  n  "rr"r:-
i p  CP?(6).7,*!.6-3) 0 0  TO 12  •
C’O !<
l o o  r v  r a i , t 3 ^ i  i t  O T . ^ f 2 i 2 . i T ) ,
1 1 2 0 X ^ ( 2 1 2 0 1 ) , T ? )
1 0  vm iT S ( 2 1 , 1 0 0 ) 1 0
I P  ( I P ( P ) . m , 0 9 )  0 0  t o , h :
11 W J T B  (2 ! .u 1 0 0 )T p
' I P  (X P(B ),!T H U ?9) OP T )  h
12 PPITB (25,100)31*
I F  n o  TO h
c m ,  ( 2 i , D
O A t i l .  o ~ ' T f / n  ( 2 k  - 1 )
• o / x i  \ r r m  ( 2 5 . 1 }
. STOP 
TOO
2 4
c  m n c n w  i h * v . $ u - ■. ( m b  t m n  t o  m m )
"T TrSTC! L(2?)$l®{l3)jlMB{13),^(13)- '
V - 7 .T tPrK ^ ( 3 -.)
? * r t  ' V 0  ) ^ h { ? ) 9m ( w y 2 m % 2 \ m 92 m B /  
m t h  « ? ( « ) 9i m ( / ) , ^ ( i d V 2 ^ , ^ h  >211  /
' r < ‘ ) 9m ( 9 ) ^ B ( w ) / m ^ * m  S2H /  ■ 
o m ,  T W 5& T ( 2 1 ,2 ?  ,!IA t O ) '.
c m  « W P T  (2l4»2l4,?-S,0) ■
OAH, V F B F Zi ( 2 5 '2 £ t * R f Q )
ilA^O
1)08*0 ■ '
A ( 1 ) « 7 2 '
A ( 3 ) “ 72  
A (li)« 7 2  
A (6 )» 7 2  ■
A (7 )* 7 ?
A .(3 )= ? 8 A (5 )
A (9 )* 7 2
A (1 0 )= 7 3
7 ( 1 1 ) * ?  3
A ( 1 3 )  =71
A (1 li)* 7 3
A(15>*72
A ( 1 6 ) » ? 2
A (1 ? )= 7 2
A 0  • )=?1
A (20)-73
A { 2 2 )* 7 2
A(23)*72
A(2lj)-72
A (2 £ )*  7 3
A (2 6 )= 7 2
A (2 7 )* 7 3
A (2 S )« 7 2
A(30)»72
!i t o to  ( h ,  100)1,
1 0 5  ( 2 7 , 1 3 . 7 5 .  T 1 , 1 > ' , l t ! , ? X 2 . H , 1 7 , ^ ( 2 7 2 , 1 7 ) , X ? . 1 S , P ( 2 T 2 , i y ) , T 2 )
CAT,?, EH? (£ )
TP ( t , ( 6 ) . I i ? . 5 0 )  0 0  7 0  Jj ■
I F  (T ,(5 ) ,O Q .i?  :>) 0 0  TO 2 3  
TO 1 ,1 - 1 .1 2
IF ( l ( 6 ) . m . J )  TO3*A(J)
IF (t,(6 ) . KB.13) GO 70 2 
I F  ( 1 . ( 3 ) .1 .7 .7 0 0 )  TO S = A (1 3 )
T ~  ( 1 , ( 3 ) . 0 7 . 7 0 0 )  TO S .A ( 1 l i )
1 COTTOAfE
5 t o  6 J - 1 l i , 2 3
"IF  (I.(6).E0..T) TO S-A(J).
I F  ( I . ( 6 ) .1 3 S .2 l i )  GO »  3 
I F  ( I , ( 3 ) . t T . 9 0 £ )  TO S - A ( 2 l i )
I *  (T .( ’ ) .G T .9 0 5 )  TO a - ( 3 0 )
6  C O 'C ? "  ?
3 5,1*25,28
IF h , ( 6 ) . E g . . j )  P0 S=A(,T) 
5 COSTISiJE 
A h = m  s - i , ( 6 )
IF (M .tT .lj)  00 TO li 
IP (AA.I.T.7) CO TO 20 
TF (M .I.T .10) CO TO 21 
IF (Aft.LT.13) 00 TO 22 
GO TO It
2 0  WRITE ( 2 1 , 1 0 0 l l i  
• GO TO fc '
21 TOTT8 (2 ii,1 0 0 )t  
GO TO U
22 WRITS (25,100)1,
G O  T O  i i
2 3  TCTTP, ( 2 1 .1 0 0 ) 1 ,
W-:ITS (2ij,100)t>
" V f ? .  ( 2 f ‘.1 C 0 )I ,
CAM, V fiO V 's ( 2 1 . 1 ) .
CAU, ?f?2t0? (21;., 1)
CAH, 2SCL0S (25,1)r
STOP
m s
26
O ' PROGRAM (LIKEAR CONTRAST)
DO 100 1*1,100 / ’
■ HEAD (li? 101 )L
101 F O E m f \ ( 2 l i X , 5 ( I 2 , 3 ? ) f 3 ^ ^ :( l 2 , i ) )  , F 
; ,1)0 23*1,7
' IF (L(J).FE* 2) L(J)®0 v
IF (L (J).SQ .2) L(J)«1 
2 ■COFTIFUE .
D I^ < L (2 )-(L {1 )+ L (3 )^ (l4 )^ (^ ))
LL=L(2)-L(7)
WRITE (5 ,102) LI,IX
102 FORMA? (219)
100 . OOMTIFOE
stop. - .
' : . " w n '  ■ :
C - ■
C
2 7
A B O  PROGRAM (W ritten  by J v  W ilk inson  and K.- Shore /B .M .N .H ./)
■ REAL M
900 WRITE • (3*'’01 )
901 FORMAT (* NUMBER OF A GROUPS, NUMBER OF DATA GROUPS* )' 
READ (2,1 )HG,HD - ;
1 'FORMAT (215) : ■
IF "(NG.EQ.O) GO TO 61 
IF (NG.1Q.2) GO TO 100 
IF (N0.EQ.3) CO. TO 200 
.2 0  J=0 ■
21 READ ft,22 )A ,B ?AB,0,TOTAL 
' 22 FORMAT (5 ? 6 .0 ) .
, j * j + r  ■
E*1 .OOOOE-Oli 
. T«A+B+AB+0
IF (TOTAL.EQ.T) GO TO 2L 
' WHITE (5 ,2 3 )
23 FORMAT (* TOTAL AMD T WOT EQUAL* )
2L Rc0/T 
RsSQ RT(R) 
p = (a + o ) /t
?=SQRT(P)-R ■
■ 0=1.-P-R
DO 30 1 *1 , 3 0
AAzPi'rP&fi/(T*( (P-*P)+2.*I0'-R) ) 
A0=2.*P*R*A/(T*((P*P)+2.*PaR))
. WzQ#Q*B/(T*((0*Q )+2..*Q*P))
~ F=AB/T ''
rP*F*(AA+0. T^AOtO. 5»EABj ■ .
.IF (ABS(PP).GT.E) GO T0.;60’
; Q0=0-(BB+0.5^BO+O,!r»EAB)
;■■■ TP (ABE(QO).nT.R) 00 T0..60 "
. RRZR-1 ,+jU+FT+*A£+G.5*Ab+d.r ^
■ IF (AFS(HF).tF.-) 00 T0 L2-.  ■ • F
60 FOHTIWDE
P=AA+O.^AO+C.5*EAB . ; ; ' ■ : - '
■<wbb*o9$*v u o , 5*eab ■
30 ,H=1;-p.Q
ItO ■ WRITE (5,1*1}
U  FORMAT ( 1 THIRTY' ITERATIONS1) •
'1*2 . P»AA+0.5#A0+0. 5#SAB:
0«BB+0.?*TM>+0.5*EAB 
R*1.-P-Q 
, FAs(P#F+2.3p*R)*T 
V; FB»(Q*Q+2.*Q#R)#T 
•' FAB*2.«-P^Q-“T'
'FO*R^T  
" ' GAs(FA-AMfA-A)/FA . ' ' '
. ' FB-B)/FP . . .
' ■ OAB=(FAB«AB)"(FAB-AB)/fAB 
C0=CFO-O)* ( f 0 -0 )/F0 
.0*0 A+G B+C AB+C 0 ■
.WRITE (5 .50)' '
50 FORMAT («0* ,33M ,'*A*,1^,*B*,1litt *AB«, 13?,*0*)
28
V/EXTE ( S ,5 1 ) A ,B ,A B ,0 ,T  '
91 f o o t i t  O c r m m m  i o t , « t o t a l *  s * f 6 * o )  ■-,■
- WRITS (5 ,5 2 )F A j-F B #F A S ,? 0 -  ■
5 2  T 'O H M f ( ?E ^?B 0T SD 'FR SO IfM C IE S1 r PT *li (FB» 3»TF .
C 3*F 0K ?(0A ) ■’
• c B s ^ n r C o B )
C ^ B Q H T (C A B ) 5 :  ' ;:•.. ■■•■ /  ; •
. Cr-ef'QTfT(CO) ' "
. l a iT C  ( 5 S S ) Q t ■■CBf C'AB#CO . ^
<6.. FOHMAf (» O (O -h 5 /S 0 I? P (I? )• ,  15 x t l i ( F a .  3 , 7X ) ) ,  • •'•
■■■ TEXTS ( S ,5 3 ) P ,Q ,R  ■■
5 3 ; F O ? :^ ?  {*GE!IS FHBOBS^OISS1 » m f F 8 . i t ,  I n - F a * & ,? ? *  r - i . f c )  ■
; .v n r r r ,  ( 5 , 5 i i ) s  
5ii F A M t  { / /* C H I  BQuAEl OH 1 DP IB* M * k / / / / Z )  ■
IF '( J * L T * K B )  g o  t o  21 ■
■ 0 0  TO 9 0 0  ■■ :■■ ’■ ; . : ■; ■ . . ■ :
1 0 0  1 * 0  ■ ■ ■ ■' ,
101 m m  0 | S1 D 2 )A 1 , A 2 *BsA1B*:A 2B *0f TOTAL ■•••
1 0 2  FOEM^T (7 F 6 * 0 )  v -
*TrJ+1
' .^A U A aH -B+A lP+A SB+O  ’ ■ " O- ' '
I P  (T O T A L .S O .? ) GO TO: 10b' - •
- I-TIXTP ( * ',2 3 )
10li E = 0O R ?fO /T ) ■ .
0 = 1 .  ~OQR?f (0+/.1  +A2 ) / f )
1 1 - 1 *~PO H T ((0+A 2+B +A 2B )/T )
P 2 = 1 .- P I - O -H  
DO 1 3 0  1 = 1 ,3 0
K/> 1 = (  PI «*Pt + 2 . m  * F 2 + 2 ,  ^ F !  *R  )  *T '
-A1A1 a  (P I  »F1 *A1 }/SA1 .
■ = A 1 A 2 ~ C 2 ,M 1 * P 1 * k ) /0 A 1
■ - j i i b = ( 2 . * p i * R * A i ) / s M . - ' 0 : -
B A 2= (P 2*P 2+ 2 . # P 2 * H )* T  ;-
• .A 2 A 2 = (P 2 * ? 2 * A 2 ) /f£ 2 . ...
.•... -A 2 0 = (2 .* T ^ R * A 2 ) /E A 2
V  ' - B B = ( e s : Q + 2 . ^ ) * T  : . :
BB= ( 0 Ox B ) /  r B •, . - : - ' 
B 0=2.
• KA1B “A 1 P /T  ‘ : ' ' ■■■■ ' 0
F i2 E = A 2 B /f ... • , -O ■ v
p o n r o / f  . 5  ; . ; . - :■■,■
; n p = r u ( A i A n o . r ^ P M B + d . w , i d + o « ^ i A 2 ) ' ":■
I F  ( A B S ( P ! P ) .0 T .S )  0 0  TO 1 2 0  : '
•P 2P ?P 2- (A'2A'2+0. ^ E A 2 B t f  ; j* A 2 0 + 0 . £** 1 A2 ) •
I F  < A B O (P 2 P ).0 IV S ) GO TO 1 2 0  
0 0 - 0 - (BB+O* *5PA1 B +0. B#SA?B+0. BtfPO) '
• I F  (A B B (O O ).O T .'F ) 0 0  TO 1 2 0
■ RH=E-1.+A 1A 1+A 2/2+EP+FA 1F+FA 2B+A lA 2 . -  ••
•F 1 sO ,^ (A 1 0 + A 2 0 + F O ). /
P“HH+-P1
■ w \ m s ( M R ) . L V . V )  0 0  T 0  .1)i2 ■
1 2 0  COHTIMJB • . ■ ■ .
F I -A1A1 * 0 .  f  « "M  B + 0. <*A10 + 0 , g *  A1A2 '
P 2 = A 2 A 2 + 0 . ' '" I '? P + { \5 ^ A 2 0 4 0 .^ A U 2  .
Q = B B + 0 ,^ F A 1 B + 0 .F ^ A 2 B + O .^ -B D  ■
- 130 R=1.-Pt~P2-Q ■
1 hO WRITS (5,h 1 )
1i*2 COHIBEJF ■ '
P1 *A1 At *0. S?»EA1 B+0 » s m  0+0. £«A1 A2 .
P2=A2A2-0* 5*KA2B+0.S>A2O+O. A2 ■ ' .
Q=HB+0. £*EATB+0. £*SA2B+0.. S^BO 
R=1. -FI -F2-Q
FAt=(PI #P1 +2 * *P1 «P2+2»&P1 #R)*T ' 
? A 2 z (m ± iP 2 + 2 ,* m m )m .
FB= (Q*fQ+2. ■
- PA1B=2*&F1*Q*T-
■ FA 2B=2. ftFg&QB-T 
F0 »R#R#T
. CA1=(A1-FA1 )»(A1-FA1 )/FA1
CA2=(A2-FA2)#(A2-FA2)/FA2 
OB=(B-FB)^(B-FB)/FB 
CA1B=(A1B-FA1B)*(A1B~FA1B)/?A1B .
CA2B*(A2B-EA2B)# (A2B-?A?B)/FA2B 
GO* ( O~P0 ) & ( 0 -F 0 ) /TO 
S*C£1+CA2+GB-+CA1B+CA2B+C0 
WRITS (5*1 $0) -.■
'150 . FORMAT {*0*,3?T ,IA 1«,12T >»A2«,11T,*B»,11T,«A1B», 
1 1 0 7 ,« A 2 B S 1 ir ,f 0*)
WRITS (5 ,l5 l)A i ,A 2 f B,A1B,A2B,0,T
151 • FORMAT («0B8W ® 3 F tO T ^ O IF S * ,9 T f 6 ( l^ .0 ,? F ) ,'-? T t 
1«'T0?AL=*,F6.0)
WRITE (5 ,1 5 2 )FA1, FA 2 ,FB,FA1B,FA2B,FO ■
152 ‘ FORMAT .(* EXPECTED -FRSQroJOXBR*,8F,6{F3. 3 ,5 r ) )
CA1=SQRT(CA1) •.
. ' CA2=SQBT(CA2)
CB=SQRT (CB) ■
0 A1B* SQRT ( C A1B)
GA2 B=SQ RT(C A 2 B ).
00=SQRT(0G)
: WRITS (5,15-5)GA1,CA2,CB,CA1B,CA2B,CO
156 FORMAT (« 0 (0 - l) /S Q R T (S )S 1 ^ f^ (^ * 3 » 5 T ) )
■ WRITS ( 5 ,1 T 3 ) P 1 ,F 2 ,Q ,R
153 format O om m  w m m n m m ^ n $2 (F^Ah ^ r ) 3n . h t
::WRITE (5 ,1 5 lt)s .  .
1 >li FORMAT ( / / f CHI SQUARE OR 3D? 1*3* * ?■ * .!* /////)  •
IF  (J.LT.HD) 00 TO 101 
00 TO 900 
■ 2 0 0  J * 0
-■'2.01 T1SFD (?.{#20 2  )A 1 .,A X ,A 2,B ,A 1B , A2B*0 , TOTAL 
.202' FORMAT (0 F 6 .0 )
T=A1+AI+A2+B+A1B+A2BtAlB+0 
' IF  '(TOTAL* SO. T) 0 0  T0 '20li 
WRITS (5 ,2 3 )
2 0 t» J s J + 1
■ . RsSQRT(P/T)
. Q=1 >-RQRT((AHAI+A2 +0 ) /T )  ■
, P1=1«**03RT( (AT+A24B+AIB+A2B+0)/T) /
F3-1 ..*SQHT((A2+B+A2B+0)/T)
: P2 =1 . -P I “PO-Q-E
DO-230 1 =1 ,3 0  :
. FAi*(Pt^Pl42*^P1^P342*^Pl5P242«^P1*E)«T . . ;
• - A1 Ai*{?1*F1*At )/?M ' ;
. A. t A T= (2»**P1#P3*A1 )/?A1 .
'. A1A2s^2.*P1*P2*A1)/£A1 ■ ■
• • FAI=(P3«-P3+2.«P3»P?+-2*#P3^1)«T -
- A m » ( p ^ P 3 ^ A i ) /^ T  ;■
/  !ATA2 =(2 .# ? 3 ^ * A I) /S A X  :
- AX0=-(2. *P3*B*AI ) / m i  '
- BA2 *(P 2 »P2 +2 .^P 2 » k 5 »T 
'mm-(v2^m^P2)/M2
. v  •/-•
■ ' ■ ■ BB= {Q*0+2. fcQ^R JfcT 5 5 . 5 . - .
■ ..BB*(Q«KJ»B)/5B-'
: - B0 « ( 2 . #Q&R#B.)/FB
■' •■1?A1B*A1B/ t  •'.- 
' fJt2 B»A2 B/T ^ 5 - 5
- ■ BAIB=AIB/T
s o b - o / f  , ■■" ■
PI F*P1 -  { A1A1 +0. S»A1 AX+0."5*At A2+0. £> 5*1  B+C. *->A10 ) 
'• IF  (ABS(P1P).GT*K) 00 TO 220 
. : P2P*P2~(A2A2+0.5«*A1 A2+0;5*AIA2 + 0 .5 ^ 2 B f0 .5 » A 2 0 >  
IF  (ABS(P2P).GT*B) 0 0  TO 220 
P3P=P3- ( ATAI+0.'S«A1 AI+O.5&AIA2+0.5«SAIB+0.5 *AiD)
- IF  (ABB(F3P).G?.E)' GO TO- 220v 
QQ*0- (BB+0 ,5*B0+0. F'^FAI B+Q* $**PATS+0* S&A2B)
■ ■ ‘ ■ IF ' (AB«3(QQ).0T.E) 00 TO 220
H=A1A1+ATAI+A2A2+BB+A1AT+A1A2+ATA2+PA1B 
' M=K+IATB^BA2B40.5*(A10+AT04A20+P0)
: I F  ,(A B g(n-1.+K ).LE .E) GO TO 2li?
■■'no ' o c m n m
5  ,F1 *A1 A140* 5*AtAI+O.5*Al A 2 + 0 . B + 0 . 5 * A 1 0  
' ■'■ P3*AIAX+O.'5»A1AI+O.^AIA2+0.5frFAIB+O.5^ATO ■
P2*A2A2+0,5#AlA2+0*5*ATA2+O.5*FA2B+0. 5*A20
■ -OQ~BB~0.'5^B0~0,5*EA1 B-Q.F*SAIB-FA2B^0.5 
. ;:2 3b.. .-R= 1  .-P 1-P 2-P 3-Q  -
2 1 * 0  WRITS ( 5 , i l l )  ■■
2 is2  ■ P1»A1An0.5*AlA2+0.^A1AI+0.5ffEA1B+0.'5»Al0
• -P3sAIAl40*i?#A1AI+d.5#AIA240.^EAIB*t0.^.8T0 .
. P2*A2A2+0.5*A1 A2+0*5&AIA2+0. £*PA2B+0. S*A2Q
Q«fiB40. SfeBCM>«5 *BA1 Bf0 .  ^ IA tB + 0 * 5#M2B -- 
H e1.-P l*P2-P3-Q
■•FA1«(P1#P1+2^P1^P3+2.^P1*P2+2.*P1^R)«T 
FAI= (P3*F3+2 **F3P2+2. *P 3 * » )*?
FA2« (P2*F2+2. *P2#R)*T 
. FB= (Q*Q+2. *Q#R)#T 
;;5 : FA1B=2**P1»Q*T
" PA2B»2.*P2*QfrT
....
''. ;-CA1s(FA1-A1 )#(FA1 ~A1 )/FA1 
: CAI=(PAI*AI)«-(FAI-AI)/FAT .
. :  GA2s(FA2-A2)» (FA2-A2)/?A2
C B -(FB -E)-(FB -B )/P3
gatb=(faxb- axe)» ( f a ib - a ib ) / fatb
CABB^FAZB-AiBMPMB-AZBj/FAZB
C0=( FO- 0 ) » (FO-O )/FO
S=CA1+CAI+CA2+CB*CA1B*CAIB+CA2B+CO
IvKXTl ( $  2*dQ)
250 FORMAT (» 0* ,32X ,, A 1 ',12",«A X *,12r,«A 2*s 1 1 F , 'B ',  
111X ,'A 1B ',10>’»'AIB* 1 0 T ,'A 2 B M 1 F ,» 0 ')
KRITS (5,251 )A1 ,AI,A2,B,A1B,ATB,A2B,<)
2 5 1  FORMAT ('OBSStOT! PHSQOSIfCXES*,9T$& (j6 ,0 ,n ) )  
WRITE (5 ,2 5 5 )?
255 -FORMAT (*TOTAL-*,P 6 . 0 )
WRITE (5,252)FA 1»“AI,FA2,FB,FA1B,FATB,FA2B,F0
252 FORMAT {'FXPECTED FRF-QDBfCXF.S*,oX,fi(F8 .3 ,5 T ) )  
'CA1*SQRT(CA1)
0AT=5QH?(CAT)
CA2*SQRT(CA2)
CB=SQRT(CB)
CA1B»SQR7(CA1B)
CAIBsSQRT(CAIB)
CA2B=S9R?(CA2B)
CO=SQRT(CO)
FBTTE (5,256)CA1,CAT,CA2,CB,CA1B,OAXB,CA2BfCO
256 m e m  ( , o ( o - f ) / s q r t ( f ) ' , 1 5 > '. 5 { f s . 3 , 5 t »
WRITE (5 ,253)P 1 ,P 3 ,F 2 ,Q ,P .
253 FORMAT (*CraS FJ1SQUaJGXS3',12r,3(F8.!t ,5 T ) ,
■ TfEXTH (£ *2^4)S 
2Sl». FORMAT ( / '/ / 'C H I  SQUARE OS 5DF T 3 ',F 5 . U/ / / / / )
IF  (J.LT .R B ) GO TO 201
GO TO 300 
61 STOP 
KHD
